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PREFACE 


THIS  manual  accompanies  all  the  better  globes  sold  by  the  pub¬ 
lishers.  You  now  have  one  of  the  best  globes  made,  but  we  are  not 
satisfied  with  simply  having  made  the  sale,  for  we  want  you  to  get  the 
greatest  possible  value  from  your  purchase.  Perhaps  you  may  have 
purchased  this  manual  to  help  you  get  more  use  out  of  the  globe  you 
already  have.  Very  few  people  know  how  globes  are  made  and  com¬ 
paratively  few  know  their  many  uses.  It  is  the  purpose  of  this  manual 
to  help  the  teacher  and  pupils  use  the  globe  intelligently. 

It  is  surprising  how  much  can  be  learned  from  a  globe  if  it  is 
understood.  At  first  children  learn  to  read,  later  they  read  to  learn. 
It  is  thus  with  the  globe.  Its  wealth  of  information  lies  hidden  until 
we  learn  to  read  its  distinctive  language.  Then,  generally  to  our  sur¬ 
prise,  it  reveals  a  vast  amount  of  information  both  factual  and  causal. 
This  manual  is  intended  to  help  in  an  intelligent  understanding  of  the 
globe  language. 

Geographers  are  agreed  that  the  most  important  single  fact  in 
geography  is  the  fact  that  the  earth  is  a  rotating  sphere.  Because  of  this 
we  have  day  and  night  and  all  that  this  means  to  us.  This  is  easily 
illustrated  with  a  globe,  as  will  appear  later. 

Because  the  earth  is  a  sphere,  certain  parts  of  it  receive  more  heat 
from  the  sun  than  certain  other  parts.  This  in  turn  determines  the  kind 
of  houses,  clothing,  and  food  used  in  the  different  regions,  and  so  on 
with  the  numerous  responses  in  our  daily  life,  all  growing  out  of  the  fact 
that  the  earth  is  a  sphere. 

If  then  this  is  so  important  should  not  more  time  be  spent  in  driving 
home  this  fact?  The  occasional  use  of  the  globe  in  the  early  grades  is 
not  sufficient  because  the  pupil  will  be  using  flat  maps  in  school  and  his 
experiences  outside  of  school  are  likely  to  bring  him  back  to  man’s  early 
conception  of  a  flat  earth.  Are  we  not  justified  in  introducing  exercises 
which  may  have  little  practical  use  in  themselves  if,  by  the  aid  of  these 
exercises,  we  fix  firmly  in  the  minds  of  the  pupils  the  fact  that  the  earth 
is  a  sphere? 

Probably  the  second  most  important  fact  in  geography  is  the  com¬ 
parative  area  of  one  country  with  another,  of  one  state  with  another. 
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of  one  region  with  another.  Because  flat  maps  of  the  whole  world  or 
of  large  sections  can  not  give  comparative  area  correctly  without  great 
distortion  in  shape  and  because  maps  too  frequently  are  drawn  on  dif¬ 
ferent  scales  the  globe  must  be  resorted  to  for  first  general  impressions, 
and  should  be  used  frequently  to  correct  wrong  impressions  which  are 
likely  to  come  from  flat  maps. 

“We  learn  by  doing.”  A  part  of  this  manual  is  in  the  form 
of  exercises  which  can  be  given  to  Junior  High  School  pupils,  but  which 
may  be  worked  out  by  any  user  of  the  globe  with  profit.  Most  of  the 
answers  will  be  found  in  other  parts  of  this  manual  or  in  the  tables. 

Some  of  the  problems  or  exercises  can  be  done  with  any  globe,  but 
many  of  the  problems  require  a  meridian  globe,  a  movable  meridian 
being  essential  to  many  problems. 

This  manual  has  been  prepared  primarily  as  a  guide  to  the  study 
of  the  Cartocraft  Globes  and  the  map  on  these  globes  has  been  con¬ 
stantly  before  the  author  in  the  preparation,  but  the  manual  should 
prove  of  value  with  any  globe  now  in  use. 

Most  of  the  contents  of  the  Pendent  Globe  Manual  prepared  by 
Prof.  F.  E.  Mitchell  and  the  writer  in  1904  have  been  embodied  in 
this  manual,  altho  altered  in  form. 

Much  new  material  never  before  appearing  in  a  globe  manual  or 
elsewhere  will  be  found  within  these  pages.  Most  of  the  exercises  were 
worked  out  successfully  by  hundreds  of  pupils  in  courses  in  Physical 
Geography  in  normal  and  high  schools  under  the  direction  of  the  writer 
during  a  period  of  eight  years. 

The  suggestions  and  exercises  given  for  Slated  Globes,  Physical 
Globes,  and  for  Celestial  Globes  are  intended  for  the  use  of  such  globes, 
but  may  be  read  with  profit  even  if  these  globes  are  not  at  hand. 

A  part  of  the  historical  sketch  has  come  from  “  The  Use  of  the 
Terrestrial  Globe,”  published  by  George  Philip  &  Son,  London.  The 
tables  have  been  compiled  from  the  best  sources. 

The  manuscript  was  read  by  Elsworth  Huntington  of  Yale  Uni¬ 
versity  and  A.  W.  Abrams,  Director  of  Visual  Education  for  the  State 
of  New  York.  Both  made  valuable  suggestions. 

Chicago,  February,  1929. 


L.  P.  Denoyer. 


PREFACE  TO  SECOND  EDITION 

This  edition  has  been  enlarged  by  the  addition  of  suggestions  for  the  use  of 
outline  globes,  individual  desk  globes,  and  by  further  helps  in  the  use  of  physical 
globes.  Chicago,  November,  1931. 

PREFACE  TO  THIRD  EDITION 

Dr.  Wm.  Markowitz  has  prepared  a  new  set  of  definitions  and  exercises  for  use 
with  celestial  globes.  Additions  to  the  tables  appearing  on  pages  147  to  149  and 
other  minor  revisions  have  been  made.  Chicago,  March,  1936. 

PREFACE  TO  FOURTH  EDITION 

This  edition  has  been  enlarged  by  the  addition  of  a  pronouncing  index  to  all 
places  shown  on  the  globe  with  phonetic  respellings  taken  by  permission  from 
Webster’s  New  International  Dictionary,  Second  Edition,  Copyright  1934  by 
G.  &  C.  Merriam  Co. 

Special  attention  is  called  to  the  introduction  of  the  term  Co-latitude  on  pages 

26,  56  and  61 . 


PART  I 


WHEN  GLOBES  SHOULD  BE  USED 

Teachers  have  often  asked  In  what  grade  should  we  use  the 
globe?  Just  what  subjects  should  be  taught  from  the  globe?  In  which 
grade  should  these  particular  subjects  be  taught?”  These  are  hard 
questions,  and  the  answers  depend  somewhat  upon  the  course  of  study 
that  is  in  use,  the  textbooks  you  are  following  and  the  average  men¬ 
tality  of  the  class  you  are  teaching;  also  somewhat  upon  your  own 
familiarity  with  the  globe  and  your  ability  to  demonstrate  problems 
with  its  use. 

It  is  a  little  like  the  old  question:  ^XTien  should  home  geography 
be  taught?  Some  used  to  answer  this  by  saying  that  home  geography 
should  precede  all  other  geography  and  should  be  studied  rather  com¬ 
prehensively  in  the  third  and  fourth  grades.  Others  contended  that 
home  geography  should  be  the  last  to  be  studied  and  that  it  was  only 
after  the  world  had  been  studied  as  a  whole  that  proper  comparisons 
could  be  made  with  the  home  region.  Both  of  these  positions  were,  of 
course,  wrong  for  home  geography  must  proceed  along  with  all  other 
geography.  It  is  a  mistake,  still  too  often  followed,  to  devote  a  year 
or  a  half-year  or  even  three  months  to  a  study  of  home  geography  with¬ 
out  introducing  the  world  as  a  whole.  Home  geography  should  be 
studied  in  the  third  grade,  in  the  fourth  grade,  in  the  fifth,  in  the  sixth, 
and  so  on  thru  every  grade.  Whenever  geography  is  studied  home  geog¬ 
raphy  must  be  studied.  It  is  interesting  to  note  that  even  in  the  most 
advanced  courses  in  geography  at  the  University  of  Chicago,  the  stu¬ 
dents  are  taken  on  excursions  to  different  parts  of  Chicago  and  vicinity 
in  an  effort  to  relate  their  other  studies  to  home  geography.  It  has 
always  been  considered  necessary  for  students  of  geology  to  make 
excursions  in  the  home  regions  so  as  to  compare  and  contrast  different 
regions  of  the  earth  with  the  home  regions.  It  is  more  recent,  however, 
to  employ  the  same  principle  to  courses  in  advanced  geography,  but  the 
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results  of  these  experiments  confirm  the  statement  that  home  geography 
must  be  taught  whenever  any  geography  is  taught. 

It  is  thus  with  the  globe.  Whenever  geography  is  taught  in  any 
grade,  whether  in  elementary  school,  in  high  school,  or  in  college,  a 
globe  must  be  used  if  the  instruction  is  to  be  effective.  Just  as  certain 
facts  of  geography  need  to  be  compared  with  or  contrasted  to  the  facts 
of  home  geography  to  be  made  clear  to  pupils,  so  other  facts,  to  be  made 
clear,  must  be  demonstrated  from  the  globe.  The  globe  should  be  used 
in  the  very  earliest  work  in  home  geography  because  one  of  the  first 
things  that  must  be  taught  in  home  geography  is  the  fact  that  day  follows 
night  with  regularity.  1  he  class  may  represent  the  sun,  the  globe,  either 
hanging  or  on  a  stand  in  front  of  the  class,  may  represent  the  earth. 
The  teacher  or  a  pupil  can  rotate  the  globe  very  slowly  counterclock¬ 
wise  and  the  sun  will  shine,  therefore,  on  different  parts  of  the  earth  at 
different  times.  When  the  class  is  looking  at  North  America  and  South 
America  they  cannot  see  Asia  and  Australia. 

The  attention  of  the  class  may  be  called  to  the  fact  that  the 
Ancients  taught  that  the  sun  moved  around  the  earth  and  that  the  earth 
stood  still,  and  the  class  can  be  made  to  see  how  much  easier  it  is  for 
the  earth  to  rotate  on  its  axis  in  a  day  than  it  would  be  for  the  sun  to 
revolve  around  the  earth,  especially  if  they  are  told  that  the  sun  is  a 
long  way  off.  They  can  be  told  that  it  is  ninety-three  million  miles 
away  altho  this  will  mean  little  to  them.  However,  they  can  easily 
comprehend  the  fact  that  the  further  away  they  are  from  the  globe 
the  greater  the  difficulty  of  revolving  the  sun  around  the  globe,  and 
they  can  see  how  much  more  reasonable  it  is  to  assume  that  the  earth 
rotates  rather  than  that  the  sun  revolves  around  the  earth  once  in  a 
short  day.  It  would,  of  course,  be  foolish  to  try  to  teach  a  fourth 
grade  class  how  we  know  that  the  earth  rotates  rather  than  that  the  sun 
moves  around  and  unless  the  teacher  is  well  trained  it  may  be  difficult 
to  present  the  reasons  even  to  a  Junior  High  School  class. 

The  effect  of  the  changing  seasons  on  the  child’s  play  activities 
and  on  the  vegetation,  especially  in  the  temperate  zones,  will,  of  course, 
be  noted  and  the  pupils  may  be  asked  to  record  the  length  of  the  day 
at  weekly  periods,  especially  in  spring  and  autumn.  The  altitude  of 
the  noon  sun  can  also  be  noted,  but  any  attempt  at  teaching  the  cause 
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of  the  change  of  seasons  in  the  fourth  or  fifth  grade  is  wasted  effort. 
This  should  be  left  for  the  seventh,  eighth,  or  ninth  grade,  unless  the 
subject  is  taken  up  at  different  times  in  an  elementary  way  and  later 
more  thoroly  as  it  is  in  one  of  the  exercises  in  Part  II  of  this  manual. 
Certainly  nothing  should  be  said  about  the  23*/2°  inclination  in  the 
early  years. 

Most  of  the  early  courses  in  the  third  and  fourth  grades  call  for 
some  understanding  of  the  eaVth  as  a  whole  and  the  imaginary  journey 
is  resorted  to  as  the  best  means  of  understanding  why  people  live  in 
different  kinds  of  houses  in  different  parts  of  the  earth  and  why  children 
have  different  kinds  of  games  in  different  parts  of  the  earth.  In  order 
to  use  a  globe  with  the  imaginary  journey  the  pupils  must  be  taught  to 
recognize  the  larger  divisions  on  the  globe.  They  should  be  made  to 
understand  something  of  the  general  shape  of  North  America  and  how 
to  find  it  easily  on  the  globe.  The  same  should  be  done  for  South 
America,  Africa  and  Australia.  With  the  continent  of  Eurasia  he 
has  more  difficulty  for  he  will  want  to  know  where  Europe  is  and  where 
Asia  is,  and  the  dividing  line  between  these  two  is  not  very  well  marked 
on  a  globe  as  there  is  no  water  intervening.  In  a  general  way,  he 
should  be  made  to  understand  that  the  part  of  that  big  continent  of 
Eurasia  that  lies  north  of  Africa,  that  is,  toward  the  north  pcle  from 
Africa,  is  Europe,  and  the  part  lying  north  of  the  Indian  Ocean  is 
Asia. 

The  study  of  the  continents  immediately  makes  it  necessary  for 
him  to  learn  the  names  of  the  great  ocean  bodies.  He  can  see  at  a 
glance  that  the  largest  ocean  lies  between  America  and  Asia  and  he 
should  use  the  term  Pacific  Ocean.  In  like  manner,  his  attention  must 
be  called  to  the  smaller  ocean,  the  Atlantic  Ocean,  not  so  wide  but 
rather  long,  if  you  consider  it  as  extending  from  Greenland  to  the 
Antarctic  Continent.  His  attention  has  already  been  called  to  the 
Indian  Ocean.  Now  he  must  be  made  to  see  that  there  is  another 
ocean,  not  very  clearly  defined,  which  is  called  the  Antarctic  Ocean, 
and  that  this  ocean  surrounds  a  continent  known  as  the  Antarctic  Con¬ 
tinent.  Unfortunately,  many  of  the  globes  now  in  use  show  the  word 
Antarctic  Ocean  where  we  have  known  for  a  long  time  that  a  continent 
exists. 


12 


CARTOCRAFT  GLOBES 


Many  geographers  have  been  trying  to  get  the  term  Southern 
Ocean  adopted  but  the  old  name,  Antarctic  Ocean,  persists  and  must 
be  taught.  This  name  is  a  relic  of  the  old  idea  that  has  been  discarded 
now  for  over  fifty  years,  that  the  south  pole  was  surrounded  by  water 
covered  in  part  by  floating  ice.  It  is  interesting  for  the  teachers  to  note 
that  the  first  knowledge  we  had  of  the  existence  of  land  around  the 
south  pole  was  the  fact  that  icebergs  were  observed  to  come  from  there 
and,  as  it  was  known  that  icebergs  form  only  on  land,  land  was  pre¬ 
dicted,  later  discovered,  and  recently  partly  explored.  Fourth  grade 
pupils  may  not  be  able  to  comprehend  all  of  that,  but  some  of  them 
will  comprehend  some  of  it. 

It  is  now  necessary  to  give  some  definition  of  a  continent,  and  to 
try  to  distinguish  a  continent  from  islands.  At  this  early  stage  the 
only  distinction  that  can  be  made  is  one  of  size;  a  very  large  island  can 
be  called  a  continent,  like  Australia,  and  the  Antarctic  Continent.  It 
may  be  a  question  as  to  whether  Greenland  should  be  called  a  con¬ 
tinent  or  not.  The  pupils  may  be  asked  to  give  their  votes  on  this  sub¬ 
ject.  Later  they  will  be  taught  more  about  the  definition  of  a  continent. 

If  the  definition  of  a  continent  is  given  as  a  very  large  body  of 
land  wholly  or  nearly  surrounded  by  water,  we,  of  course,  have  defined 
North  America,  South  America,  and  Africa,  as  well  as  Australia  and 
the  Antarctic  Continent,  and  that  leaves  only  one  continent  which 
we  can  call  Eurasia,  a  word  made  up  of  an  abbreviation  of  Europe, 
namely  “Eur”  and  Asia,  to  make  Eurasia.  The  pupils  may  just  as 
well  be  told  even  at  this  stage  that  according  to  the  definition  there  is 
no  such  thing  as  a  continent  of  Europe,  but  that  Europe  is  only  a  piece 
of  the  continent  of  Eurasia.  They  can,  however,  be  told  that  later  on 
there  will  be  a  modification  of  the  term  continent.  Because  there  is  a 
great  deal  of  difference  between  eastern  and  western  Eurasia  we  con¬ 
tinue  to  refer  to  Europe  and  Asia  as  separate  continents. 

In  taking  some  of  the  imaginary  journeys  the  pupils  may  need  to 
know  some  of  the  divisions  of  a  continent.  For  instance,  if  he  makes 
a  journey  to  China  or  a  journey  to  India  he  must  be  able  to  point  out 
China  and  India  on  the  globe.  Fortunately  these  countries  are  distinctly 
colored  on  most  globes  so  that  it  is  not  difficult  to  point  them  out  even 
at  class  distance.  By  this  time  the  pupil  has  an  idea  of  what  is  meant 
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by  a  “country.”  When  he  sings,  “My  Country  ’Tis  of  Thee,”  he  uses 
this  term,  and,  of  course,  it  is  necessary  to  teach  a  little  of  political 
geography  even  at  this  stage,  and  he  must  be  made  to  understand  what 
the  term  “country”  means.  Special  attention  must  be  called  to  the  fact 
that  some  countries  are  large  and  some  small.  Portugal  is  a  good 
country  to  use  as  an  illustration  of  a  small  country  for  it  is  generally 
colored  distinctly  from  Spain  so  that  it  can  be  seen  at  class  distance. 
Russia  and  China  are  probably  the  best  illustrations  of  large  countries. 

Sometimes  before  the  fourth  grade  work  is  finished  an  intensive 
study  is  begun  of  some  of  the  countries.  It  may  be  that  a  beginning 
is  made  with  the  United  States,  or  it  is  just  as  likely  to  be  a  beginning 
with  another  country.  In  the  fourth  or  fifth  grades  such  terms  as 
peninsulas,  straits,  gulfs,  seas,  bays,  etc.,  will  be  introduced  and  the 
larger  ones  should  be  pointed  out  on  the  globe.  Maps  may  at  this 
stage  be  introduced  to  bring  out  the  smaller  ones,  but  such  peninsulas 
as  Labrador,  Alaska,  Florida,  India,  etc.,  are  well  introduced  from 
the  globe.  The  maps  should  be  made  to  supplement  the  globe  in 
teaching  some  of  these  facts. 

If  a  study  of  the  United  States  is  undertaken  at  this  time  the 
globe  should  be  the  first  map  to  be  used.  The  United  States  should 
be  compared  in  area  to  Canada,  for  example.  It  is  interesting  to  see 
what  a  very  convenient  measure  of  area  the  United  States  really  is,  for 
Canada  is  just  about  as  large  as  the  United  States,  so  is  Brazil,  and  as 
Brazil  and  the  United  States  are  both  colored  in  a  conspicuous  yellow 
color  the  comparison  is  easily  made.  The  French  African  possessions, 
colored  green  on  many  globes,  can  easily  be  compared  with  the  British 
African  possessions,  colored  red.  It  will  be  noticed  that  these  are 
about  the  same  in  area,  especially  now  that  Egypt  is  colored  as  an 
independent  country.  It  is  easy  to  compare  Brazil  with  the  French 
possessions  in  Africa.  Now  we  come  to  Australia,  which  is  also  about 
the  size  of  the  United  States.  China  (that  is  the  whole  of  the  old 
Empire  of  China)  is  a  little  larger,  but  not  much.  The  Antarctic 
Continent  is  also  about  the  same  size  as  the  United  States  although  a 
little  larger.  The  same  is  true  of  the  Arctic  Ocean. 

Now  that  we  can  see  where  the  United  States  is  with  reference 
to  the  rest  of  the  land  of  the  earth,  we  shall  want  to  observe  where  it 
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is  with  reference  to  the  equator  and  the  poles.  This  will  call  for  a 
little  study  of  latitude  and  longitude.  Most  of  what  is  given  later  in 
the  exercise  dealing  with  this  subject  can  be  introduced  here.  It  may 
have  to  be  modified  if  this  is  taken  up  in  the  fourth  or  fifth  grade. 

In  taking  these  imaginary  journeys  the  class  has  already  obtained 
some  idea  as  to  the  relative  position  of  the  United  States  compared  with 
other  lands,  but  he  should  now  have  some  positive  method  of  locating 
the  United  States  on  the  earth,  and  the  home  region  may  be  called  upon 
to  give  the  illustration. 

The  school  yard  may  be  defined  as  the  area  bounded  by  four 
different  streets,  or  three  streets  and  a  certain  alley,  or  two  streets  and 
two  alleys,  or  at  the  intersection  of  two  roads  in  the  country.  This 
makes  it  possible  to  refer  to  the  exact  location  of  the  school  yard.  Now 
some  such  system  is  needed  for  the  earth,  and  so  imaginary  circles  are 
drawn,  each  at  approximately  equal  distances  apart  from  the  equator, 
and  these  lines  are  called  parallels  because  they  are  parallel  to  the 
equator.  The  equator,  it  is  easy  to  see,  is  the  longest  line,  and  it  is 
therefore  called  a  great  circle.  The  other  lines  are  smaller  than  the 
equator  and  they  are  therefore  called  small  circles. 

If  the  school  is  so  fortunate  as  to  own  a  slated  globe  these  points 
can  be  brought  home  to  the  class  very  forcibly  by  following  the  sug¬ 
gestions  given  in  that  part  dealing  with  the  slated  globe,  on  page  1  1  8. 

The  limits  of  the  United  States  with  reference  to  the  pole  and 
the  equator  can  now  be  found  by  putting  the  axis  of  the  globe  in  a 
vertical  position  and  noting  on  the  metal  meridian  the  fact  that  the 
northern  part  of  the  United  States  comes  to  49°  north  latitude  and 
the  southern  part  to  about  24°  north  latitude.  This,  of  course,  is  con¬ 
tinental  United  States  without  Alaska  and  the  island  possessions. 

Now  we  must  find  the  position  of  the  country  in  longitude,  and 
here  the  attention  of  the  class  can  be  called  to  the  fact  that  you  could 
begin  at  any  place  and  draw  a  line  from  pole  to  pole  and  call  this  a 
prime  meridian,  but  that  of  late  years  there  is  a  tendency  to  use  the 
meridian  at  Greenwich  which  passes  thru  London  as  the  starting  point. 
If  the  teacher  wishes  to  introduce  a  little  history  at  this  point  she 
can  call  attention  to  the  fact  that  the  following  have  been  used  as 
prime  meridians,  Alexandria,  Egypt;  Peiping,  China;  Mexico  City, 
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Mexico;  Rome,  Italy;  Paris,  France;  Madrid,  Spain;  Berlin,  Ger¬ 
many;  Leningrad,  Russia;  Washington,  D.  C.,  and  many  other  places. 
Ferro  Island,  one  of  the  Canary  Islands,  was  used  for  a  long  time; 
in  fact,  is  still  used  on  several  series  of  maps  which  are  extensively  used 
in  Germany  and  in  some  of  the  larger  colleges  of  the  United  States. 

The  pupils  can  now  be  made  to  observe  the  line  on  the  globe 
drawn  thru  the  Greenwich  meridian.  It  is  easily  found  for  it  passes 
thru  the  point  where  the  ecliptic  line  on  the  globe  crosses  the  equator. 
The  word  “ecliptic  line”  should  not  be  introduced  as  yet  but  the  point 
can  be  seen  at  class  distance.  Now,  east  and  west  of  this  point  at 
intervals  of  fifteen  degrees  other  lines  extend  from  pole  to  pole.  These 
are  meridian  lines  and  because  they  are  fifteen  degrees  apart  they  are 
also  called  hour  circles,  as  we  shall  see  later.  By  putting  the  eastern 
tip  of  the  United  States  near  the  metal  meridian  and  following  along 
this  meridian  to  the  equator  we  will  notice  that  the  eastern  extremity 
of  the  United  States  is  about  67°  west  longitude,  and  that  the  western 
extremity  of  the  United  States  is  nearly  125°  west  longitude.  We, 
therefore,  have  eastern,  western,  northern  and  southern  limits  of  the 
United  States  defined. 

Most  important,  of  course,  is  the  question  of  latitude  because  this 
indicates  that  the  United  States  is  somewhat  more  than  half  way  from 
the  pole  to  the  equator,  the  line  of  45°  running  thru  the  northern  part 
of  the  United  States. 

A  little  later  on  when  the  railroads  are  studied  an  imaginary 
journey  may  be  taken  from  the  eastern  United  States  to  the  western 
United  States.  Attention  should  then  be  called  to  the  fact  that  people 
have  to  change  their  watches  forward  or  backward  a  whole  hour  when 
reaching  certain  cities  as  they  travel  eastward  or  westward.  This  will 
call  for  a  study  of  the  relations  between  longitude  and  time.  Much 
of  what  is  given  in  the  exercise  dealing  with  the  effects  of  rotation 
should  be  studied  at  this  time,  and  the  globe,  of  course,  must  be  used. 

In  another  lesson  the  question  of  imports  and  exports  will  come 
up  and  the  class  may  be  asked  to  make  an  imaginary  journey  to  China 
to  see  how  tea  and  rice  are  raised.  In  making  this  journey  across  the 
Pacific  the  question  of  the  international  date  line  will  come  up  and  part 
of  what  is  given  under  the  effects  of  rotation  can  be  introduced  here. 
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1  he  textbook  will  probably  bring  out  the  fact  that  most  of  our 
trade  is  with  Europe  and  we  will  want  to  find  out  why  this  is  so.  In 
this  connection  we  will  use  most  of  what  is  given  under  the  exercise  on 
spherical  distances,  for  it  will  be  easy  to  show  that  the  United  States 
is  nearer  to  Europe  than  to  China,  and  this  is  one  reason  that  there  is 
likely  to  be  more  trade  between  Europe  and  the  United  States  than 
between  China  and  the  United  States. 

In  another  lesson  the  climate  of  the  United  States  may  be  dis¬ 
cussed.  Here  the  globe  will  be  used  to  show  that  the  climate  of  the 
western  coast  does  not  change  very  much  between  summer  and  winter 
for  the  July  isotherm  of  60  runs  along  the  western  coast  of  the  United 
States  so  that  the  difference  in  temperature  between  the  southern  and 
northern  parts  is  very  little  during  the  summer  time,  while  the  January 
isotherm  of  40  runs  from  Seattle  thru  southern  California  and  then 
southeastward  to  El  Paso.  1  hus  there  is  only  20  difference  between 
the  temperature  of  July  and  January  along  the  Pacific  Coast  except  in 
the  highlands.  In  the  interior  of  the  United  States  there  is  a  great  dif¬ 
ference  between  winter  and  summer.  For  example,  the  January 
isotherm  of  0  runs  thru  northern  Minnesota  and  North  Dakota  while 
in  the  summer  their  average  July  temperature  is  70'.  Thus  there  are 
seventy  degrees  of  difference  between  January  and  July  in  that  sec¬ 
tion.  In  1  ennessee  the  January  isotherm  of  40  '  and  the  July  isotherm 
of  80  cross  each  other,  so  here  you  have  a  difference  of  about  forty 
degrees  between  the  average  of  January  and  the  average  of  July. 

W  hen  we  consider  the  international  relations  of  the  United  States 
we  find  that  the  L  mted  States  is  coming  to  be  more  and  more  interested 
in  the  welfare  and  in  the  activities  of  different  parts  of  the  world.  We 
are  investing  our  money  in  bonds  in  South  America,  in  Europe  and  in 
Asia.  We  are  extending  our  trade  to  the  far  ends  of  the  earth  and  for 
this  reason  the  E  nited  States  may  at  any  time  be  involved  in  inter¬ 
national  difficulties  because  of  the  treatment  of  its  citizens  in  these  parts 
of  the  earth. 

In  the  study  of  the  activities  of  the  people  of  the  United  States 
we  will  stress  the  fact  that  many  of  them  spend  their  summer  vacations 
in  travel.  1  his  leads  to  the  great  tourist  industry  in  other  parts  of  the 
world.  We  may  here  introduce  great  circle  sailing  and  great  circle 
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flying,  to  show  what  is  the  shortest  distance  between  two  places,  and 
so  we  could  go  on  to  show  a  number  of  ways  in  which  the  globe  will 
be  of  use  in  a  properly  conducted  series  of  lessons  on  the  United 
States.  It  would  be  safe  to  say  that  there  would  scarcely  ever  be  a 
week  in  which  some  problem  involving  the  use  of  the  globe  would  not 
come  up. 

Suppose  now  that  the  study  of  Europe  is  taken  up  after  the 
United  States,  which  frequently  happens.  A  general  discussion  of 
Europe  should  follow  along  similar  lines  indicated  for  the  United  States. 

Then  possibly  we  will  start  with  a  more  intensive  study  of  the 
British  Isles.  Here  we  will  note  their  position  in  latitude,  roughly  be¬ 
tween  50°  and  60°,  and  their  position  in  longitude,  roughly  between 
0°  and  10°  west  longitude.  Now  attention  should  be  called  to  the 
fact  that  altho  the  British  Isles  are  further  from  the  equator  than  the 
United  States  they  have  a  similar  annual  temperature.  The  differ¬ 
ence  in  their  summer  and  winter  is  not  so  great.  They  have  nearly 
the  same  isotherms  for  January  and  for  July  as  the  western  coast  of 
the  United  States,  hence  we  may  assume  that  the  temperature  con¬ 
ditions  and  even  the  rainfall  in  the  British  Isles  are  similar  to  that  of 
the  western  coast  of  the  states  of  Washington  and  Oregon.  The  in¬ 
fluence  of  the  Gulf  Stream  will  be  brought  out,  altho  the  more  im¬ 
portant  fact  that  the  British  Isles  receive  winds  from  the  ocean  because 
they  are  in  the  path  of  the  prevailing  westerlies  must  also  be  taught. 
Because  the  ocean  is  warmer  than  the  land  in  high  latitudes  the  lands 
affected  by  ocean  winds  will  be  warmer  than  the  lands,  like  Labrador, 
affected  by  winds  coming  from  large  bodies  of  land. 

When  we  consider  the  extensive  trade  of  Great  Britain,  the  globe 
helps  us  to  observe  that  London  is  situated  at  the  center  of  the  land 
hemisphere  (See  the  exercise  on  the  Hemispheres).  London  is  the 
greatest  trade  center  of  the  world.  Here  we  can  find  the  goods  of  all 
parts  of  the  world  in  storehouses  ready  for  shipment  to  any  other  part 
of  the  world  whenever  they  may  be  needed.  Approximately  $50,- 
000,000  a  year  is  paid  to  the  merchants  of  London  who  act  as  middle¬ 
men  to  exchange  commodities  which  they  buy  from  those  parts  of  the 
world  that  have  a  surplus  and  sell  to  those  parts  of  the  world  that 
need  these  commodities. 


18 


CARTOCRAFT  GLOBES 


With  a  globe  before  you,  you  would  hardly  expect  Wellington 
in  New  Zealand  ever  to  become  the  greatest  trade  center  in  the  world. 
Its  climate  is  as  favorable  as  that  of  London,  but  it  is  not  equally  well 
situated  with  reference  to  other  lands  of  the  earth.  The  globe  alone 
can  make  clear  this  point. 

Now,  we  may  have  a  lesson  considering  the  British  Empire. 
While  not  all  of  the  areas  colored  in  red  on  the  globe  belong  to  Britain, 
still  a  great  many  of  them  do.  The  particular  areas  belonging  to  the 
British  Empire  should  be  pointed  out  on  the  globe  and  it  will  be  noted 
that  these  areas  are  located  in  all  parts  of  the  world.  This  may  help 
to  explain  why  the  British  people  think  that  they  need  a  great  navy  to 
protect  their  interests. 

Attention  may  be  called  to  the  fact  that  the  British  Isles  are 
separated  from  the  continent  and  that  Britain  has  frequently  been  free 
from  the  continental  wars  of  Europe.  This  has  helped  the  British  to 
develop  their  industries  and  to  multiply  in  numbers  to  such  a  degree 
that  they  soon  found  out  that  they  could  not  produce  enough  food  to 
maintain  the  ever-increasing  number  of  people.  This  led  many  of 
them  to  migrate  to  other  lands.  Many  came  to  the  United  States 
which  at  first  belonged  to  the  British  Empire.  The  pupils  might  be 
asked  why  the  British  people  first  settled  in  the  United  States,  New¬ 
foundland,  and  Canada  rather  than  in  South  Africa  or  in  Australia. 

1  he  distances  to  these  places  should  be  closely  worked  out  with  the 
globe  as  explained  elsewhere. 

The  fact  that  British  ships  carry  nearly  one-half  of  the  com¬ 
merce  of  the  world  should  be  emphasized,  and  the  character  of  the 
people  should  be  brought  out.  It  will  be  noted  that  almost  everybody 
in  the  British  Isles  lives  near  the  sea,  and  that  Great  Britain  has  an 
indented  coast  line  with  many  very  good  harbors.  In  places  where  the 
harbors  were  not  naturally  good  the  British  have  spent  much  money  to 
make  them  good  so  that  large  ships  could  unload  their  cargoes  in  these 
harbors. 

While  we  are  studying  the  British  Isles  and  the  harbors  of  Britain, 
attention  might  be  called  to  the  fact  that  they  have  very  high  tides  and 
for  this  reason  they  have  to  build  high  tidal  walls  which  are  very  expen- 
If  the  class  is  sufficiently  prepared,  the  question  of  the  tides  may 
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be  introduced,  and  the  globe  may  be  used  as  explained  in  the  exercise 
on  tides. 

Where  the  course  of  study  is  so  arranged  that  a  definite  time  is 
set  aside  for  physical  or  mathematical  geography,  it  is  better  to  take 
up  all  these  subjects  at  the  same  time,  but  many  cities  have  dropped 
the  course  in  physical  geography  altogether,  and  it  will  therefore  be 
necessary  for  the  teacher  to  introduce  these  subjects  from  time  to  time, 
where  they  best  fit  into  the  course. 

Where  courses  in  physical  geography  have  been  replaced  by 
courses  in  General  Science,  many  of  the  facts  of  mathematical  geog¬ 
raphy,  generally  taken  up  under  physical  geography,  can  be  given, 
and  if  the  pupils  are  likely  to  have  no  more  work  in  geography  their 
interest  in  these  subjects  should  be  aroused  even  if  the  textbook  does 
not  call  for  it.  No  pupil  should  be  allowed  to  graduate  from  a  high 
school  until  he  has  had  a  thoro  discussion  of  such  subjects  as  the 
causes  for  the  seasons,  the  moon’s  phases,  tides,  eclipses,  etc.  It  is  a 
sad  commentary  on  our  curricula  that  many  pupils  go  thru  the  ele¬ 
mentary  and  high  schools  without  understanding  the  things  that  affect 
their  everyday  life  so  intimately. 

These  subjects  should  be  taught  differently  in  the  elementary 
grades  than  in  a  college.  For  example,  in  a  college  course  in  geography 
the  student  must  be  given  an  understanding  of  the  earth  as  a  spheroid, 
not  only  by  being  told  that  it  is,  but  by  finding  for  himself  a  reason  for 
the  fact  that  the  earth  is  a  spheroid.  He  must  be  made  to  see  why 
one-half  of  the  earth  has  variable  winds.  The  college  student  must 
not  only  know  that  the  earth  is  inclined  at  an  angle  of  approximately 
66^2°  from  the  ecliptic  but  why  this  changes  within  limits,  and  the 
students  must  know  that,  as  a  matter  of  fact,  it  is  not  exactly  at  66J/20 
but  slightly  more  than  66°  33"  now  and  that  this  inclination  is 
changing  from  time  to  time,  altho  very  slowly  and  within  certain  limits. 
(66j/2°  was  exact  about  1539  A.  D.)  The  high  school  student 
can  generally  follow  the  line  of  reasoning  in  the  exercise  dealing  with 
the  making  of  the  analemma,  but  if  he  cannot  the  college  student  cer¬ 
tainly  can,  and  if  he  is  not  going  to  have  a  course  in  astronomy  it 
is  the  duty  of  the  geography  course  in  the  college  to  explain  why  the 
clocks  do  not  keep  time  with  the  actual  sun  or  with  sun  dial  time. 
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Such  subjects  as  the  precession  of  the  equinoxes  should  not  be 
introduced  in  the  elementary  schools  and  probably  not  in  the  high 
schools,  but  they  can  be  introduced  in  the  college  course  and  the  globe 
can  be  used  to  advantage  in  illustrating  this  point. 

The  signs  of  the  zodiac,  because  they  are  referred  to  in  almanacs, 
and  frequently  elsewhere,  should  be  briefly  introduced  in  the  high  school 
course,  but  if  they  have  not  been  introduced  into  the  high  school  the 
college  teacher  of  geography  should  briefly  introduce  the  subject. 

Thus  it  will  be  seen  that  the  globe,  like  home  geography,  must  be 
utilized  in  all  phases  of  the  work  in  geography  from  the  most  elementary, 
in  the  third  or  fourth  grades,  to  the  most  advanced  work  that  is  given. 


HOW  GLOBES  ARE  MADE 


A  globe  will  last  for  a  lifetime,  even  tho  the  map  on  the  globe 
may  become  out  of  date,  therefore  less  useful.  Nevertheless  many 
accidents  occur  to  globes.  It  is  the  purpose  of  this  chapter  to  explain 
how  globes  are  made  with  a  view  to  suggesting  ways  to  take  care  of 
globes  so  that  they  will  last  a  long  time. 

Globes  are  first  made  in  hemispheres.  Let  us  start  with  four 
nearly  circular  pieces  of  strong  cardboard  with  wedgeshaped  parts  cut 


out  of  them,  as  shown  in  the  accompanying  diagram.  Glue  is  applied 
to  both  sides  of  the  two  pieces  that  are  to  form  the  inner  layers  of  the 
globe.  The  other  two  cardboards  are  then  placed  outside  of  the  others 
in  such  a  way  that  the  openings  overlap  each  other.  The  combined 
four  pieces  are  now  placed  into  a  large  press  and  pressed  into  a  hemis¬ 
phere.  They  must  remain  in  the  press  long  enough  for  the  glue  to 
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set.  After  this  they  are  taken  out  and  nested  one  in  the  other  until  a 
large  number  of  these  are  made.  Two  are  necessary  to  make  a  globe, 
the  one  becoming  the  northern  and  the  other  the  southern  hemisphere. 

Then  a  small  piece  of  wood,  the  diameter  of  the  globe  in  length, 
has  a  hole  bored  thru  it  lengthwise  to  receive  later  the  iron  axis  of 
the  globe.  This  axis  may  be  a  solid  rod  or  a  two-piece  rod  with  a 
spring  in  the  middle,  as  shown  in  the  accompanying  diagram.  To  rein¬ 
force  the  equator  a  cardboard  disk  is  placed  on  the  wood  midway  be¬ 
tween  the  poles.  A  small  strip  of  cardboard,  about  one  inch  in  width, 
is  now  glued  around  the  edge  of  the  strong  cardboard  disk  and  at  right 
angles  to  it.  Glue  is  now  applied  to  the  outer  part  of  this  strip  and  it  is 
pasted  to  the  inner  side  of  the  hemisphere.  Glue  is  also  applied  to  the 
ends  of  the  wooden  axis  and  the  two  hemispheres  are  thus  firmly  held 
together. 


It  is  impossible  to  make  a  globe  perfectly  round  or  spheroidal  by 
means  of  this  process  and  so  it  is  necessary  to  put  on  several  layers  of 


I' (CURE  2.  To  show  how  the  two  Hemispheres  are  join 
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a  specially  prepared  plaster  composition.  These  layers  of  plaster  must 
be  put  on  very  evenly  and  sometimes  it  requires  five  applications  to  com¬ 
plete  the  sphere.  Just  enough  must  be  applied  so  that  when  the  ball 
shrinks  after  drying,  it  will  be  exactly  the  right  size  to  receive  the  globe 
map,  often  called  a  globe  cover. 

After  the  globe  ball  has  been  thoroly  dried  the  map  must  be 
mounted  on  the  ball.  This  is  a  very  delicate  process  and  must  be 
done  with  extreme  care  and  accuracy. 

Making  THE  Map.  The  editor  of  a  globe  map  must  keep 
constantly  before  him  the  purpose  for  which  the  globe  is  to  be  used. 
This  can  come  only  from  teaching  experience  or  from  observation  of 
teachers  who  are  experts  in  globe  instruction.  Unfortunately,  until 
recently  few  globe  maps  have  been  made  by  editors  of  teaching  experi¬ 
ence,  and  the  maps,  as  a  consequence,  had  on  them  much  material  that 
could  not  be  used.  On  the  other  hand,  some  recent  globe  maps  have 
been  made  omitting  essential  material  which  must  be  shown  in  order  to 
get  the  most  use  out  of  the  globe. 

After  it  has  been  determined  just  what  is  to  be  put  on  and  just 
what  is  to  be  left  off  the  map,  there  is  a  mechanical  problem  involved 
in  getting  the  plates  so  made  than  when  the  gores  are  joined  together 
the  lines  will  exactly  match.  This  is  not  as  easily  done  as  would  at 
first  appear. 

After  the  plates  have  all  been  finished,  the  actual  printing  on  the 
press  presents  problems.  It  is  essential  that,  when  the  map  is  mounted 
on  the  globe,  the  amount  of  ink  be  just  the  same  on  one  end  of  the 
paper  as  it  is  on  the  other,  because  these  two  ends  come  together. 
Many  globes  show  a  variation  in  shade  along  this  meridian. 

If  a  world  map  is  printed  and  hung  on  the  wall  it  does  not  make 
so  much  difference  whether  the  tint  of  the  blue  color,  for  example,  is 
the  same  on  the  east  end  of  the  map  as  it  is  on  the  west,  but  on  the 
globe  map  it  does,  as  these  two  ends  come  together.  Thus  it  is  seen 
that  the  plate  making  and  the  actual  printing  of  a  globe  map  is  much 
more  difficult  than  for  any  other  type  of  map. 

The  map  must,  of  course,  be  printed  on  a  flat  sheet  of  paper  and 
in  gores,  as  shown  on  the  accompanying  illustration.  Now  each  one  of 
these  gores  must  be  accurately  cut  apart  by  hand.  Thus  far  it  has  been 
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impossible  to  make  a  die  to  cut  the  gores  by  machines  as  there  is  bound 
to  be  slight  variations  between  one  gore  and  another  and  difference  in 
the  size  of  the  sheet  from  day  to  day,  due  to  differences  in  the  tempera¬ 
ture  and  humidity  of  the  atmosphere.  All  of  this  is  overcome  by  hand 
cutting  of  the  gores. 


Care  must  also  be  taken  that  the  gore  of  one  map  is  not  used  with 
the  neighboring  gore  of  another  as  there  is  always  a  difference  in  the 
amount  of  ink  received  between  different  sheets  m  the  same  printing. 

Now  we  have  the  globe  ball  thoroly  dried  and  the  maps  made 
and  trimmed  into  gores.  We  must  apply  the  one  to  the  other.  Inas¬ 
much  as  paper  stretches  when  it  is  wet  the  gores  must  be  allowed  to 
soak  with  the  paste  on  the  back  just  long  enough  so  that  they  will 
stretch  properly.  The  mounters  now  apply  the  gores  to  the  globes,  each 
gore  extending  from  pole  to  pole  if  on  an  8"  or  12"  globe.  On  the 
larger  globes  the  gores  are  generally  cut  at  the  equator.  Great  care 
must  be  exercised  in  getting  all  of  the  lines  to  fit.  This  is  generally 
easily  accomplished  if  the  plates  were  properly  made  to  begin  with,  but 
even  with  perfect  plates  some  gores  may  stretch  just  a  little  more  than 
its  neighbor  causing  the  lines  to  fail  to  meet  or  to  overlap. 

After  the  superfluous  paste,  which  is  likely  to  come  onto  the  globe 
in  the  process  of  putting  on  the  map,  is  carefully  washed  off,  the  globe 
is  allowed  to  dry.  After  this  it  is  given  a  number  of  coats  of  a  high- 
grade  lacquer  varnish.  This  varnish  is  of  such  a  grade  that  the  globe 
can  be  washed  off  for  cleaning.  Care,  however,  should  be  taken  in 
doing  this.  Water  must  not  be  allowed  to  remain  on  the  globe  for  any 
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length  of  time  as  it  is  likely  to  penetrate  thru  the  varnish,  and  spoil 
the  plaster  or  paper  cardboard  underneath  the  map.  If  soap  is  used  in 
cleaning  the  globe  it  should  be  mild,  like  Ivory  soap.  A  daily  dusting 
of  the  globe  is  recommended.  When  the  teacher’s  desk  is  dusted  the 
globe  should  not  be  forgotten. 

After  the  globe  is  carefully  varnished  it  is  generally  stocked  and 
is  then  used  with  any  style  of  mounting  desired  by  the  customer. 

Styles  of  Mounting.  The  cheapest  style  of  mounting  is  what 
is  known  as  the  plain  stand.  The  base  must  be  cast  and  properly 
finished.  An  axis  with  an  inclination  plate  must  be  put  onto  the  globe. 
It  is  necessary  for  the  purchaser  simply  to  attach  the  base  to  the  inclina¬ 
tion  plate,  which  is  easily  done  by  a  thumb  nut. 

The  plain  stand  globe,  altho  cheaper,  is  the  least  desirable,  be¬ 
cause  the  globe  cannot  be  rectified  or  oriented,  as  explained  later,  and 
for  much  of  the  work  in  geography  it  is  inconvenient.  It  could  be 
oriented  only  if  your  school  happened  to  be  right  on  the  Arctic  Circle. 


Figure  4.  Illustrating  two  styles  of  low  stan  1  globes 


The  next  style  of  mounting,  in  price,  is  the  stationary  meridian 
globe,  but  altho  this  permits  of  working  out  some  of  the  problems  that 
cannot  be  worked  with  the  plain  stand  globe,  i;  has  the  same  objec¬ 
tions  that  it  cannot  be  oriented,  and  this  style  is  not  recommended. 

The  most  usable  style  of  globe  is  the  one  with  the  movable 
meridian.  This  manual  is  prepared  primarily  for  such  a  globe,  as  the 
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movable  meridian  makes  it  possible  for  you  to  put  your  schoolhouse,  or 
any  other  part  of  the  earth,  on  top. 

Movable  meridian  globes  are  of  several  types.  They  can  be  on 
a  low  stand  for  use  on  a  table,  on  a  high  stand,  or  >n  the  hanging  style. 


C 

Figure  5.  To  illustrate  both  sides  of  the  movable  meridian 
Note  that  the  0  is  at  the  equator  in  A,  but  that  0  is  at  the  pole  in  B.  Note  also 
the  pointer  at  top  of  the  fork  in  A  and  at  the  bottom  of  the  fork  at  C. 

Until  August  of  1938  all  makes  of  meridians  that  were  marked 
on  both  sides  had  the  same  sets  of  figures  placed  in  the  same  manner  on 
either  side  of  the  meridian.  There  are  certain  advantages  in  having  the 
figures  differently  placed  on  opposite  sides  as  shown  in  the  above  illus¬ 
tration.  All  Cartocraft  Globes  now  have  this  new  type  of  meridian.  On 
the  latitude  side  the  figures  are  placed  as  formerly  with  the  zero  at  the 
equator  and  90  at  the  poles.  On  the  co-latitude  side  the  figures  are 
reversed  with  the  zero  at  the  poles  and  90  at  the  equator.  To  orient  the 
globe  for  any  place  bring  the  degree  of  latitude  of  that  place  to  the  top 
of  either  side  of  the  fork  on  the  co-latitude  side  of  the  meridian.  See 
also  pages  56  and  61. 

The  HORIZON  Plate  is  a  wooden  or  metal  plate  that  appears 
on  all  library  globes  and  on  what  is  called  full  mounted  stand  globes.  It 
consists  of  a  piece  of  printed  paper  pasted  on  the  wood  or  metal  plate. 
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The  contents  differ  with  nearly  each  make  of  globe  and  frequently  with 
different  size  globes  of  the  same  make.  The  same  horizon  is  used  on 
the  celestial  globe  as  on  the  ordinary  terrestrial  globe.  For  definitions 
and  some  of  its  uses  see  the  section  on  Celestial  Globes  in  Part  III. 

For  the  8-  and  12-inch  globes  the  circles  generally  are  as  follows: 

The  first  or  inner  circle  has  the  hours  divided  into  five  minute 
intervals. 

The  second  has  the  hours  of  the  day. 

The  third  has  the  hours  of  the  days  continuous  from  one  to 
twenty-four. 

The  fourth  has  the  twelve  signs  of  the  zodiac,  each  divided  into 
thirty  degrees. 

The  fifth  has  the  points  of  the  compass,  East,  West,  North  and 
South. 

The  sixth  has  the  inner  half  showing  the  days  of  the  months 
corresponding  with  the  degrees  of  the  ecliptic;  the  outer  half  showing 
the  days  according  to  the  calendar  month. 

The  seventh  has  the  days  of  the  month. 

The  eighth  has  the  months  themselves. 


For  the  16-inch  globes  the  circles  generally  are  as  follows: 

The  first,  or  inner  circle,  is  for  finding  the  amplitude  of  heavenly 
bodies. 

The  second  is  for  finding  the  azimuth. 
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The  third  contains  the  32  points  of  the  compass. 

The  fourth  contains  the  1 2  signs  of  the  zodiac,  each  divided 
into  30  degrees. 

The  fifth  shows  the  days  of  the  calendar  month. 

The  sixth  shows  the  twelve  calendar  months. 

Stand  globes  with  movable  meridians  and  with  the  horizons  are 
frequently  used.  The  horizon  is  generally  in  the  way  when  most 
demonstrations  are  made  but  there  are  a  few  problems  which  can  be 
worked  out  a  little  better  with  a  horizon  globe,  providing  it  has  a  mov¬ 
able  meridian  (e.  g.  problems  involving  longitude  and  time,  certain 
problems  dealing  with  the  ecliptic,  etc.).  The  horizon  globe  is  recom¬ 
mended  by  some  superintendents  because  the  globe  is  less  liable  to  be 
damaged,  if  it  is  accidentally  tipped  over. 


Points  of  compass 


Figure  7.  Illustrating  low  stand  globe  with  movable  meridian  and  horizon 

For  the  larger  size  globes  for  use  in  a  library  or  in  a  home  the 
horizon  type  may  be  desirable,  but  for.  ordinary  work  in  the  classroom 
the  movable  meridian  stand  globe  is  best,  unless  it  be  the  hanging  type, 
which  always  has  a  movable  meridian,  without  horizon. 

HANGING  Globes.  These  have  a  decided  advantage  over  stand 
globes  in  a  schoolroom.  The  class  is  always  seeing  the  globe  before 
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them  and  this  helps  them  to  visualize  the  earth  as  it  is  poised  in  space. 
But  the  chief  reason  why  the  hanging  globe  is  to  be  preferred  in  a 
schoolroom  is  because  it  is  always  where  the  teacher  is  invited  to  use 
it.  The  stand  globe  is  likely  to  be  in  a  corner  or  in  a  closet  and  does 
not  suggest  to  the  teacher  the  occasion  when  the  globe  should  be  used, 
whereas  if  the  globe  is  hanging  just  in  front  of  the  teacher’s  desk  the 
very  suggestion  of  its  presence  will  prompt  the  teacher  to  use  the  globe 
more  frequently.  In  such  problems  as  the  change  of  seasons  or  the 
moon’s  phases,  where  a  pupil  is  made  to  represent  the  earth,  he  can 
be  placed  right  under  the  place  where  the  globe  is  hanging  and  the 
globe  can  be  revolved  around  the  pupil,  as  is  explained  in  several  of  the 
exercises.  This  is  generally  more  convenient  than  to  carry  a  stand 
globe  around  the  pupil  representing  the  earth. 


Figure  8.  Illustrating  the  Mitchell  Pendent  Globe 
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The  best  type  of  hanging  globe  is  the  Mitchell  Pendent  Globe 
arrangement.  With  this  arrangement  the  globe  is  held  suspended  by 
means  of  a  counterpoised  weight  which  travels  only  thru  the  distance 
traveled  by  the  globe.  This  makes  it  possible  to  keep  the  weight  above 
the  blackboard,  whereas  in  the  other  types  of  hanging  globes,  the  weight 
goes  thru  twice  the  distance  of  the  globe.  There  is  also  much  less 
friction  involved  in  the  Mitchell  arrangement  and  the  amount  of  energy 
required  to  move  the  globe  up  and  down  is  less  than  one-fifth  the  amount 
of  energy  required  in  the  other  arrangement. 


Care  OF  Globes.  From  the  description  of  the  methods  in  which 
globes  are  made  it  will  be  seen  that  care  must  be  exercised  in  their  use. 
Globes  must  not  be  struck  with  anything  sharp,  nor  must  they  be 
dropped,  tipped  over,  or  bumped  into.  With  proper  care  they  will  last 
indefinitely. 

Cloth  covering  should  be  provided  to  put  over  the  globe  during 
vacation  and  possibly  over  the  week-end,  or  when  much  dust  is  being 
made  in  the  room.  Black  sateen  covers  provided  with  drawstrings  are 
available. 
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Cradle  Stand  Globes.  This  type  has  no  axis  or  meridian  and 
is  of  light  construction.  It  therefore  has  flexibility  and  can  be  easily 
taken  out  of  its  simple  standard  and  passed  around  a  class.  It  can  be 
viewed  from  any  angle  and  relations  between  different  parts  of  the  earth 
can  be  clearly  indicated.  The  stand  itself  is  graduated  and  can  be  used 
in  getting  the  great  circle  distance  between  any  two  points  in  statute  miles 
or  degrees.  It  is  available  in  12  and  16  inch  sizes.  It  is  sometimes 
called  a  “Victory”  globe. 


Cradle  Stand  Globes  with  Horizons.  This  type  is  similar 
to  the  above  with  the  addition  of  a  horizon  ring.  The  ring  is  a  great 
circle  dividing  the  sphere  in  halves  and  serves  as  a  “measuring  arc”. 
The  calibration  is  in  1  00  mile  blocks,  then  1  000  mile  blocks,  and  then 
in  degrees.  By  moving  the  ball  in  the  stand  any  two  desired  points  can 
be  aligned  to  the'horizon  great  circle  and  the  distance  between  them  read. 

AlR  Age  Globe  Unit.  This  unit  consists  of  one  slated  globe 
ball  and  one  physical  or  political  globe  ball,  one  cradle  support  (“Vic¬ 
tory”  or  “Liberty”)  in  which  either  of  these  globe  balls  may  move  freely, 
and  one  base  or  support  on  which  either  of  the  globe  balls  may  be  affixed, 
at  an  angle  of  23/2°. 
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1  he  globe  balls  may  be  used  interchangeably  on  either  of  the  stand¬ 
ards  or  supports,  thus  providing  full  flexibility. 


Air  Age  Globe-Map.  This  consists  of  a  half-globe,  the  northern 
hemisphere  of  a  16"  diameter  globe,  mounted  on  a  44x33"  panel.  The 
half-gores  which  would  normally  cover  the  southern  hemisphere  are  ex¬ 
tended  out  on  the  panel  from  the  equator  of  the  half-globe.  The  result 
is  a  most  striking  polar-view  world  map. 


HISTORICAL  SKETCH 


The  history  of  astronomy  and  geography  and  particularly  the 
history  of  the  globe  is  extremely  interesting  but  can  only  be  touched 
upon  in  this  brief  sketch. 

The  Chinese  sages,  over  2,000  years  before  Christ,  were  able 
to  predict  solar  eclipses  and  were  commanded  by  the  rulers  to  predict 
these  with  accuracy,  on  pain  of  death.  It  was  the  popular  belief 
that  a  huge  monster  was  trying  to  capture  the  sun  and  every  one  was 
asked  to  make  a  great  noise  at  the  time  of  the  eclipses  to  drive  this 
monster  away  from  the  sun.  They  always  succeeded  in  doing  this. 
At  a  very  early  period  they  knew  that  the  year  was  divided  into  365  J/4 
days  and  before  the  eleventh  century  B.  C.  they  had  determined  the 
solsticial  dates  quite  accurately  by  means  of  the  gnomon.  They  inde¬ 
pendently  discovered  the  precession  of  the  equinoxes  about  400  A.  D. 

To  the  Chaldeans  we  owe  much  in  the  way  of  carefully  recorded 
observations  on  solar  and  lunar  eclipses.  It  was  the  Chaldeans  who 
divided  the  year  into  the  1 2  signs  of  the  zodiac  and  they  also  divided 
the  day  into  1  2  hours,  likewise  the  night  into  1  2  hours. 

To  the  Greeks  also  we  owe  much.  Thales  of  Miletus  in  640 
B.  C.  set  forth  the  idea  of  the  earth’s  sphericity  and  divided  this  sphere 
into  the  five  zones  which  we  have  kept  to  this  day. 

Anaximander,  a  disciple  of  Thales,  held  that  the  earth  instead  of 
being  a  sphere  was  a  cylinder  but  that  it  revolved  on  its  own  axis.  He 
also  held  that  the  moon  was  a  cylinder,  but  that  its  light  was  the 
reflected  light  from  the  sun.  He  taught  the  obliquity  of  the  ecliptic, 
but  probably  most  important  he  was  the  inventor  of  geographical  maps. 

He  died  546  B.  C. 

Eratosthenes,  who  died  about  186  B.  C.,  made  a  map  of  the 
world  as  it  was  known  in  his  day.  He  measured  the  diameter  of  the 
earth  by  methods  which  are  still  in  use,  and  secured  very  good  results. 
He  wrote  the  first  scientific  treatise  on  geography. 

Hipparchus,  who  was  active  between  160  and  125  B.  C.,  dis¬ 
covered  the  precession  of  the  equinoxes,  determined  the  place  of  the 
equinox  among  the  stars,  invented  the  astrolabe  and  drew  up  a  catalog 
of  more  than  1 ,000  stars,  determining  the  longitude  and  latitude  of 

31 


32 


CARTOCRAFT  GLOBES 


each.  At  first  he  used  right  ascension  and  declination,  but  afterwards 
abandoned  that  in  favor  of  longitude  and  latitude.  (See  Part  III  on 
Celestial  Globes.) 

The  next  great  name  is  Ptolemy,  about  1 30  to  1 50  A.  D. 
Altho  Pythagoras,  about  500  B.  C.,  stated  that  the  sun  was  the  cen¬ 
ter  of  the  planetary  world  and  that  the  earth  revolved  around  it,  and 
altho  Aristarchus  taught  the  same  thing  about  the  year  260  B.  C., 
still  the  system  known  as  the  Ptolemaic  System  seemed  to  coincide 
with  the  facts  of  observations  and  was  believed  to  be  the  true  sys¬ 


tem  until  the  early  part  of  the  1 6th  century  when  it  was  brought 
into  question  by  Copernicus.  In  the  Ptolemaic  System  the  earth  is 
regarded  as  the  center.  All  the  planets,  the  moon,  the  sun  and  the  stars, 
revolve  around  the  earth.  1  o  account  for  the  changing  position  of  the 
planets  among  the  stars  he  assumed  that  the  planets  moved  around  in 
small  circles  called  epicycles,  the  centers  of  these  epicycles  revolving 
around  the  earth  as  shown  in  the  drawing. 

1  he  Copernican  System,  on  the  other  hand,  assumes  the  sun  as 
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the  center  with  the  planets  revolving  around  the  sun  and  the  earth 
rotating  on  its  axis.  The  orbit  around  the  sun  was  regarded  as  circular 
because  it  was  thought  that  heavenly  bodies  could  only  be  true  circles. 

It  was  about  sixty  years  later  when  Kepler  put  forth  his  laws,  one 
of  which  is  that  all  the  planets  revolve  around  the  sun  in  an  ellipse 
with  the  sun  at  one  of  the  foci. 

From  Kepler  it  was  only  a  short  time  before  Newton  enunciated 
the  law  of  gravitation  and  modern  astronomy  as  we  have  it  \vas  nearly 
fully  developed. 

Astronomical  development  and  geographical  explorations  were 
going  on  simultaneously.  Eratosthenes  was  mapping  the  world  in 
parallels  and  meridians.  In  the  seventh  century  B.  C.  certain 
Phoenicians  went  down  the  Red  Sea  and  are  supposed  to  have  cir¬ 
cumnavigated  Africa,  for  they  returned,  after  three  years  absence,  by 
way  of  the  Pillars  of  Hercules.  Herodotus  in  recording  this  voyage 
says,  “The  mariners  who  sailed  around  Libia  had  the  sun  on  their 
right  hand.” 

The  achievements  of  Alexander  the  Great  led  to  further  knowledge 
of  eastern  lands  while  certain  Phoenicians  who  went  thru  the  Straits 
of  Gibraltar  visited  the  British  Isles  and  went  clear  up  to  the  Baltic 
Sea.  It  is  even  thought  that  they  went  as  far  as  Iceland  which  they 
called  Thule. 

As  the  facts  concerning  the  earth’s  shape  and  surface  were 
gradually  discovered  models  were  made  at  intervals  embodying  them. 
In  the  second  century  B.  C.  Crates  of  Mallus  made  a  globe  incor¬ 
porating  the  Stoic  ideas  of  the  earth  which  were  based  upon  the  teach¬ 
ing  of  the  Pythagorean  School.  This  globe  as  described  by  Strabo 
was  1 0  feet  in  diameter  and  was  quartered  by  the  ocean  into  four 
habitable  divisions. 

Globes  representing  the  heavens,  however,  preceded  models  of  the 
earth.  There  is  an  ancient  celestial  globe  in  the  Naples  museum  which 
is  believed  to  date  from  the  fourth  century  B.  C.  and  is  probably  the 
work  of  Eudoxus  who  died  in  386  B.  C. 

Archimedes  used  a  celestial  globe  made  of  glass  with  a  small 
model  of  the  round  earth  inside.  The  celestial  globe  of  Hipparchus 
was  in  the  library  of  the  Alexandrian  museum  at  the  time  of  Ptolemy. 
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During  the  early  Christian  era  when  the  learning  of  the  “pagan 
Greeks  was  not  tolerated  by  the  Church,  the  use  of  the  globe  was  far 
less  common.  But  they  were  to  be  found  in  some  of  the  monastic 
schools  and  in  the  possession  of  learned  men,  such  as  the  Venerable 
Bede.  In  Arabia,  however,  some  famous  globes  of  the  heavens  were 


Figure  10.  Globe  of  Crates  of  Mallus 

produced  in  this  period ;  and  of  these  the  oldest  still  existing  is  in 
Florence,  another  dating  from  1225  is  at  Valletri,  and  a  third  (1275) 
belongs  to  the  Royal  Asiatic  Society  in  London.  They  were  all  cast 
in  bronze. 

Terrestrial  globes  were  again  produced  in  Europe  as  one  of  the 
results  of  the  wave  of  enthusiasm  in  the  New  Learning  that  spread 
over  the  continent  at  the  end  of  the  fifteenth  century.  The  Behaim 
Globe  (1492)  is  the  earliest  of  this  period  and  is  27  cm  in  radius. 
The  prime  meridian  passes  thru  Madeira.  The  equator,  tropics  and 
polar  circles  are  shown.  The  iron  meridian  and  brass  horizon  were 
attached  later.  One  of  the  interesting  features  of  this  globe  is  the  way 
in  which  a  number  of  islands  are  drawn  as  a  series  of  stepping  stones 
across  the  ocean,  a  fact  which  doubtless  suggested  to  Columbus  the 
possibility  of  a  western  route  to  India.  It  has  been  pointed  out  that 
the  Behaim  globe  was  the  first  to  show  boldly  the  existence  of  the  Anti¬ 
podes,  and  indicate  the  possibility  of  a  passage  from  Europe  to  India. 
It  was  also  the  first  to  attempt  to  deal  with  the  discoveries  of  Marco 
Polo.  In  fact,  it  embodies  the  knowledge  of  the  earth’s  features  before 
Columbus’  journeys  across  the  Atlantic. 
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Figure  II.  The  Behaim  Globe 


The  Hunt  Lennox  Globe  was  bought  in  Paris  by  Mr.  R.  M. 
Hunt.  It  is  a  copper  sphere  A/i  inches  in  diameter  and  shows  the 
outline  of  the  land  but  no  degrees  of  latitude  or  longitude. 

The  method  of  using  gores  for  the  covering  of  globes  was  “in  the 
air”  during  the  closing  years  of  the  fifteenth  century.  Among  the 
papers  of  Leonardo  da  Vinci  found  in  Windsor  Castle  were  eight  gores 
with  a  map  of  the  world  drawn  upon  them — apparently  designed  for 
the  covering  of  a  globe.  In  1514  globes  with  printed  gores  were 
produced  by  Boulenger  and  a  few  years  later  Waldsee-Muller  printed 
1  1 0  mm  gores  from  wood  blocks,  copies  for  which  were  taken  from 
engravings  by  Boulenger.  Albrecht  Durer  in  1525  devoted  himself 
to  the  mathematical  construction  of  gores  for  the  covering  of  globes, 
and  two  years  afterwards  Glareanus  carried  on  the  work.  A  globe 
constructed  by  Schoner  at  Bamberg  in  1520  is  covered  with  twelve 
gores.  Schoner  produced  three  other  globes  in  1515,  1523,  1533 
respectively.  (See  Figure  12,  page  36.) 

Mercator’s  Globe  appeared  in  Louvain  in  1541  together  with  a 
pamphlet  describing  its  use  and  the  various  points  in  which  it  differed 
from  previous  globes.  Several  replicas  were  made. 

From  the  sixteenth  century  onwards  globes  were  in  common  use. 
A  famous  English  globemaker  named  Molyneux  was  known  to  Sir 
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Figure  12.  Schoner’s  Globe  1523 

Walter  Raleigh  and  Hakluyt  and  was  a  friend  of  Sir  John  Davis. 
Models  of  his  globe  were  carried  by  Elizabethan  seamen.  The  large 
globes  produced  by  Molyneux  were  two  feet  two  inches  in  diameter 
mounted  on  a  stand.  A  broad  wooden  horizon  encircling  the  globe 
was  painted  with  the  Signs  of  the  Zodiac,  months  of  the  year,  the 
Roman  Calendar,  and  the  points  of  the  Compass.  A  graduated  brass 
meridian  ran  at  right  angles  to  the  equator  and  a  time  dial  was  also 
added  at  the  pole.  On  the  globe  were  marked  boldly  the  equator, 
ecliptic  and  polar  circles  while  the  parallels  of  latitude  and  meridians 
were  marked  faintly  for  every  ten  degrees.  Rhumb  tracks  were  drawn 
from  various  points  over  the  surface  of  the  globe.  In  fact,  in  general 
principles  the  Molyneux  models  are  the  forefathers  of  the  globes  in 
use  at  the  present  time. 


THE  GLOBE  AND  THE  MAP 


Altho  the  globe  should  be  the  first  map  used  it  will  soon  be 
found  necessary,  because  of  the  larger  scale  that  is  made  possible  on  a 
wall  map,  to  introduce  the  wall  map  in  connection  with  the  globe. 

The  pupils  should  be  made  to  understand  the  limits  of  the  flat 
map,  right  from  the  first,  and  this  is  not  difficult  if  properly  under¬ 
taken.  Let  us  imagine  with  the  class  that  we  can  draw  the  continents 
and  oceans  onto  a  good  large  orange  or,  better,  onto  a  large  grapefruit. 
The  map  on  the  grapefruit  would  resemble  very  much  the  map  on  the 
globe.  Now,  we  will  cut  the  grapefruit  along  the  equator  and  care¬ 
fully  take  out  all  of  the  part  that  is  good  to  eat,  then  we  will  take  out 
some  of  the  part  that  is  not  usually  eaten,  and  in  this  way  we  will 
make  the  rind  of  the  grapefruit  somewhat  thinner.  Now,  we  will  see 
if  we  can  press  the  half  down  onto  a  flat  surface  like  a  table  top  or  the 
blackboard.  We  will  probably  find  that  there  will  be  a  number  of 
cracks  in  the  line  representing  the  equator  such  as  we  find  in  figure  1 
on  page  21.  If  the  orange  or  grapefruit  rind  were  made  of  rubber 
we  could  probably  press  it  flat,  and  by  means  of  weights  keep  it  flat, 
but  we  would  then  observe  that  the  regions  around  the  equator  would 
be  stretched  out  of  all  proportion  to  the  other  regions  and  there  would 
be  a  tendency  for  the  regions  near  the  poles  to  be  condensed.  An 
experiment  of  this  kind  will  leave  a  lasting  impression  on  the  class  and 
is  well  worth  the  time.  A  pupil  will  often  volunteer  to  bring  the  neces¬ 
sary  grapefruit  or  at  least  the  rind  of  the  grapefruit. 

On  almost  every  wall  map  you  will  find  parallels  and  meridians 
drawn  at  definite  intervals  apart  altho  these  intervals  may  vary.  Any 
representation  of  a  portion  of  the  earth’s  surface  on  a  flat  surface  using 
parallels  and  meridians  is  called  a  map  projection. 

Those  who  have  had  geometry  will  have  no  difficulty  in  under¬ 
standing  or  explaining  what  is  meant  by  the  word  “projection”  in  that 
subject.  Originally  the  word  projection  was  used  in  the  same  sense  in 
map  making.  The  Orthographic,  the  Stereographic,  the  Gnomonic, 
and  the  Globular  projections  are  true  projections  in  the  geometric  sense. 
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In  the  figure  the  bent  line  ABC  is  projected  upon  the  straight  line 
DE  and  its  length  becomes  A'  B'  C'.  The  projection  of  AB  has 
shortened  it  from  one  and  one-half  inches  to  about  an  inch;  but  BC, 
also  one  and  one-half  inches,  has  been  shortened  very  little. 


Figure  13.  Illustrating  meaning  of  the  word  Projection 


A  good  way  to  think  of  a  projection  is  to  show  that  when  an  object 
of  three  dimensions  is  viewed  by  a  camera  it  assumes  only  two  dimen¬ 
sions.  In  other  words,  the  camera  sees  only  the  projection  of  the  three 
dimension  object.  The  projection  of  a  line,  if  held  at  an  angle  would 
be  seen  by  a  camera  to  be  much  shorter.  Indeed,  the  projection  of  a 
line  on  a  plane  at  right  angles  to  the  line  is  only  a  point,  for  the  camera 
would  see  only  the  end  of  that  line. 

HEMISPHERES 

Imagine  a  globe  to  be  made  of  clear  glass  with  the  parallels, 
meridians,  and  coast  lines  of  the  Western  Hemisphere  drawn  on  this 
glass  globe  but  nothing  drawn  on  the  other  side.  We  are  now  ready 
to  consider  some  of  the  strictly  mathematical  projections  in  common  use. 

Orthographic  Projection.  This  is  one  of  the  earliest  and 
most  commonly  used  projections.  If  you  should  photograph  a  globe  on 
which  the  parallels  and  meridians  stand  out  distinctly,  the  photograph 
would  cause  the  area  nearest  the  camera  to  be  given  in  a  reasonably 
good  form,  but  the  areas  away  from  the  camera  would  become  greatly 
distorted.  1  he  farther  the  camera  is  removed  from  the  globe,  the  less 


TEACHER'S  MANUAL 


39 


this  distortion  would  be  but  even  if  the  camera  were  placed  at  an 
infinitely  great  distance,  there  would  be  considerable  distortion. 

The  Orthographic  projection  can,  therefore,  be  defined  as  the 
view  produced  on  the  plate  of  the  camera  placed  at  an  infinite  distance 
from  the  globe.  It  is,  of  course,  understood  that  no  camera  is  used,  but 
instead,  the  positions  are  determined  mathematically.  The  diagram 
gives  the  equatorial  Orthographic  projection  of  the  western  hemisphere. 


of  South  America  and  compare  with 
Figure  15. 

Figure  14.  Orthographic  Projection 


It  will  be  readily  seen  that  if  a  hemisphere  be  selected  so  that  the 
central  meridian  passes  thru  the  central  part  of  a  continent,  such  as 
South  America  or  Africa,  the  amount  of  distortion  would  not  be  great. 
This  projection  is,  therefore,  extensively  used  in  the  making  of  maps 
of  these  continents. 

It  will  be  seen  from  the  above  that  a  hemisphere  is  the  largest  area 
that  can  be  plotted  with  this  projection.  Inasmuch  as  the  earth  never 
sees  more  than  one  side  of  the  moon  it  will  be  evident  that  this  pro¬ 
jection  is  one  of  the  best  to  use  for  mapping  the  lunar  surface. 
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Stereographic  Projection.  Suppose  we  have  a  globe  that 
is  transparent  with  the  exception  of  the  parallels  and  meridians.  Sup¬ 
pose  also  that  the  eye  of  the  camera  be  placed  on  the  surface  of  this 
transparent  globe  viewing  the  opposite  hemisphere.  It  will  be  seen 
that  the  parallels  and  meridians  will  appear  closer  together  just  opposite 
the  eye,  and  will  spread  farther  and  farther  apart  as  you  approach 
the  circumference,  as  shown  by  the  diagram. 


Figure  15.  Stereographic  Projection 

Fifty  years  ago  this  projection  was  in  common  use  in  the  repre¬ 
sentation  of  the  hemisphere  in  the  school  geographies.  This  projection 
can  be  used  to  advantage  if,  for  example,  we  wish  to  show  the  north¬ 
ern  heavens  as  far  south  as  the  Tropic  of  Capricorn  so  as  to  include 
the  stars  in  the  ecliptic. 

Globular  projection.  Inasmuch  as  the  Orthographic  pro¬ 
jection  represents  the  area  near  the  center  as  larger  than  the  area  about 
the  sides,  and  inasmuch  as  the  stereographic  projection  does  just  the 
opposite,  i.  e.  represents  the  area  near  the  center  as  smaller  than  at 
the  sides,  it  would  seem  that  some  good  projection  could  be  found 
which  would  correct  both  these  errors,  or  rather  have  these  errors 
neutralize  each  other. 
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It  has  been  found  that  if  the  eye  be  placed  away  from  the  trans¬ 
parent  globe  at  a  distance  approximately  equal  to  the  radius  of  the 
globe,  and  if  it  views  the  opposite  hemisphere,  it  will  produce  a  figure 
like  the  diagram. 


FIGURE  16.  Globular  Projection 

This  is  probably  the  best  projection  to  use  for  a  hemisphere  map, 
and  it  is  today  in  most  common  use. 

GNOMONIC  PROJECTION.  In  this  projection  the  observer  is 
thought  of  as  being  in  the  center  of  the  globe  and  looking  outward  in  a 
certain  direction.  It  is  very  evident  that  it  is  impossible  for  him  to 
see  the  entire  world  at  one  time,  and  he  will  generally  be  looking  at 
only  a  small  part,  generally  less  than  a  hemisphere.  It  is  very  clear 
from  the  accompanying  diagram  that  the  scale  increases  toward  the 
edges  of  the  maps.  The  diagram  shows  the  polar  view  of  the  globe 
on  this  projection. 

The  value  of  this  projection  consists  in  the  fact  that  all  straight 
lines  on  it  are  the  arcs  of  great  circles  and,  therefore,  the  shortest 
distance  between  any  two  points.  A  map  of  the  North  Atlantic  Ocean 
was  made  by  the  United  States  Government  for  the  use  of  mariners. 
The  distortion  in  shape  at  the  edges  makes  this  projection  undesirable 
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for  school  work,  except  for  small  areas,  such  as  the  polar  insets  of 
maps.  This  projection  may  become  more  important  with  the  develop¬ 
ment  of  aerial  transportation. 


Figure  17.  Gnomonic  Projection 


“A  man  saw  a  bear  at  a  distance  of  forty  rods  due  west  of  him. 
The  range  of  his  gun  was  only  thirty  rods  but  he  shot  and  killed  the 
bear.”  At  what  point  of  the  earth  could  such  an  incident  take  place? 

This  projection  is  extensively  used  in  maps  of  the  heavens,  for 
which  purpose  it  is  probably  the  best  obtainable. 


FIGURE  18.  Showing  position  of  light  in  construction  of  Stereographic, 
Orthographic  and  Gnomonic  Projections 

WORLD  MAPS 


Cylindrical  Projections.  It  has  been  seen  that  it  is  dif¬ 
ficult  enough  to  get  a  hemisphere  map  that  will  show  areas  and  shapes 


TEACHER'S  MANUAL 


43 


correctly,  but  it  is  much  worse  when  we  try  to  show  the  whole  world. 
It  is  quite  evident  that  no  strictly  mathematical  projection  can  here  be 
used  because  the  camera  can  not  see  all  parts  of  the  world  at  one  time. 

The  teacher  can  roll  a  piece  of  paper  into  the  form  of  a  cylinder 
and  have  it  fit  just  around  a  globe  or  an  orange  or  a  ball.  It  is  best 
to  pin  the  paper  together  so  that  it  can  be  handled  in  the  form  of  a 
cylinder  and  to  hold  it  in  a  vertical  position.  Now,  imagine  the  observer 
at  the  center  of  the  globe  again,  but  instead  of  the  globe  being  sta¬ 
tionary,  as  in  the  Gnomonic  projection,  rotate  the  globe  with  the 
paper  cylinder  around  it  on  its  axis.  It  will  be  evident  that  if  the 
observer  looks  up  or  down,  i.e.  to  the  north  or  south,  he  will  not  be 
able  to  project  the  poles  on  the  cylinder.  After  this  has  been  thoroly 
understood  and  discussed  the  paper  should  be  removed  from  the  globe 
or  ball  and  spread  out.  It  will  be  evident  that  along  the  equator  the 
picture  will  be  good,  but  the  further  you  get  away  from  the  equator 
the  worse  the  distortion  will  appear.  This  is  sometimes  called  the 
Gnomonic  cylindrical  projection.  Such  a  projection,  unmodified,  has 
not  been  used. 


Figure  19.  Mercator’s  Projection 
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MERCATOR’S  Projection.  Mercator  devised  a  modification  of 
the  above  cylindrical  projection  which  we  can  describe  as  follows: 
Imagine  your  globe  or  ball  to  be  made  of  very  thin  rubber  like  a  toy 
balloon  so  that  it  will  stretch  easily.  Now,  the  observer  is  in  the  center 
and  he  is  going  to  press  this  rubber  ball  outward  so  that  its  sides  meet 
the  cylinder.  As  he  is  stretching  the  rubber  globe  out  to  meet  the 
cylinder  he  must  at  the  same  time  stretch  it  upward  and  downward, 
that  is,  northward  and  southward,  in  the  same  amount  that  he  has 
stretched  it  eastward  and  westward.  It  is  evident  that  all  parallels 
and  all  meridians  are  straight  lines.  The  meridians  will  be  an  equal 
distance  apart  but  the  parallels  will  be  further  and  further  apart  as 
you  approach  the  poles.  This  projection  was  made  for  mariners  and 
has  been  found  very  useful  for  them.  Formerly  almost  all  courses  at  sea 
followed  what  is  known  as  the  “rhumb  line.’’  On  a  Mercator  Map 
the  rhumb  line  is  always  a  straight  line,  but  a  rhumb  line  is  not  the 
arc  of  a  great  circle  unless  it  is  a  meridian,  or,  unless  it  is  the  equator. 
With  these  exceptions  rhumb  lines  are  not  the  shortest  distances  between 
two  points. 


Figure  20.  Gall's  Projection 
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Gall’s  Projection.  In  Gall’s  projection  instead  of  the  cyl¬ 
inder  being  at  the  outside  of  the  globe  or  ball  it  is  made  to  cut  the 
globe,  as  shown  in  the  accompanying  diagram.  The  meridians  are 
drawn  as  straight  up  and  down  lines,  just  as  they  are  in  Mercator’s 
projection,  but  the  parallels  are  drawn  at  distances  apart  just  as  they 
are  in  the  Stereographic  projection.  This  projection  is  therefore  called 
“Gall’s  Stereographic  projection.”  In  a  central  cylindrical  projection, 
as  described  above,  we  note  that  the  north  pole  could  not  be 

shown,  but  in  Gall’s  projection  we  can  pro¬ 
ject  clear  to  the  north  and  south  poles.  This 
is  a  somewhat  better  projection  for  most  pur¬ 
poses  than  Mercator’s  projection  because  the 
areas  are  not  so  greatly  distorted  as  you  go 
poleward. 

Gall  worked  out  a  case  where  the  screen 
instead  of  touching  the  equator  all  the  way  round 
as  in  the  Mercator  projection  imagined  it  cutting 
the  globe  as  here  shown. 

MoLLWEIDE’s  PROJECTION.  Here  the  major  axis  represents  the 
equator,  a  circumference  of  the  earth,  and  is  twice  the  length  of  the  minor 
axis,  which  is  the  central  meridian,  the  semi-circumference  of  the  earth.  T o 


Figure  21.  Mollweide’s  Projection 
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have  the  areas  on  an  equal  area  plan  it  is  necessary  to  have  the  parallels 
closer  and  closer  together  as  you  go  to  the  poles.  In  this  respect  it  is 
the  reverse  of  both  Gall’s  and  Mercator’s.  For  a  time  leaders  in 
geographical  thought  expected  this  projection  to  become  popular  but 
it  never  was  liked  by  school  teachers  or  pupils  because  of  the  great 
distortion  that  takes  place  in  the  edges  of  the  maps.  New  Zealand 
and  Alaska  suffer  most.  This  was,  however,  a  great  contribution  as 
it  kept  before  the  pupil  the  idea  that  the  earth  is  a  sphere,  something 
that  is  likely  to  be  lost  sight  of  with  the  use  of  either  Mercator’s  or 
Gall’s  projections. 

Denoyer’s  Projection.  As  already  explained,  the  globular 
projection  was  a  compromise  between  the  Orthographic  and  the  Stereo¬ 
graphic,  hemisphere  projections,  and  so  this  new  projection  is  a  com¬ 
promise  between  Gall’s  projection  and  Mollweide’s  projection,  for  a 
world  map.  In  Gall’s  projection  the  parallels  keep  getting  further 
apart  as  you  go  poleward,  in  Mollweide’s  they  keep  getting  closer 
together.  In  Denoyer’s  they  are  the  same  distance  apart. 


FlCURF  22.  Denoyer’s  Semi-elliptical  Projection 


The  distance  from  pole  to  pole  along  the  central  meridian  is  one- 
half  the  distance  along  the  equator  just  as  in  Mollweide’s  projection 
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but  as  no  attempt  is  made  at  an  equal  area  projection  it  is  possible  to 
keep  the  parallels  the  same  distance  apart  and,  of  course,  the  meridians 
are  the  same  distance  apart  at  the  equator,  and  along  any  parallel.  The 
poles  are  not  conceived  of  as  a  point  as  in  the  case  of  Mollweide’s  nor 
as  a  long  line  as  in  Mercator’s  or  Gall’s  projections,  but,  as  this  is  a 
compromise  projection,  the  pole  is  conceived  of  as  being  one-fourth 
the  distance  that  it  is  represented  as  being  in  Mercator’s  and  Gall’s 
projections.  By  the  use  of  these  various  compromises  a  projection 
has  been  devised  which  is  practical  and  usable  in  a  schoolroom.  Shapes 
are  distorted  somewhat,  but  not  as  badly  as  in  Mollweide’s  projection. 
While  areas  in  high  latitudes  are  distorted  to  some  extent  these  are 
generally  corrected  by  polar  insets  which  have  approximately  the  same 
scale  as  the  main  map  at  the  equator. 

Van  der  Grinten’s  Projection.  In  this  projection  the 
outer  boundary  is  a  Meridian  Circle,  the  central  meridian  and  the 


Figure  23.  Van  der  Grinten’s  Projection 
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equator  are  straight  lines.  All  other  parallels  and  meridians  are  arcs 
of  circles.  The  area  of  the  circle  is  equal  to  the  surface  of  a  sphere 
of  one-half  the  diameter  of  this  circle.  The  equator  is  divided  into 
360°,  but  the  meridians  into  180°. 

This  projection  has  some  advantages  and  has  been  adopted  by 
certain  German  map  makers. 

A  United  States  patent.  No.  751,226,  was  given  to  Mr.  A.  Van 
der  Grinten  in  the  application  for  which  he  defines  his  projection  as 
here  outlined  and  he  accompanies  this  application  with  a  drawing  de¬ 
fining  his  projection  (See  Fig.  23). 

Certain  American  publishers  have  been  masquerading  world  maps 
showing  parallels  as  straight  lines  as  Van  der  Grinten’s  projection. 

WORLD  IN  Hemispheres.  Frequently  a  world  map  is  made 
by  putting  two  hemispheres  side  by  side  on  the  one  map.  There  is  no 


p 


Figure  24.  World  in  Hemispheres 


particular  advantage  in  such  a  map  over  the  two  hemisphere  maps 
mounted  separately.  In  fact,  there  is  a  decided  disadvantage  in  such 
an  arrangement.  If  the  two  hemisphere  maps  are  mounted  separately, 
one  of  them  can  be  placed  on  either  side  of  the  other.  If  it  is  desired 
to  bring  out  relationships  between  the  United  States  and  China  the 
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Eastern  Hemisphere  should  be  hung  to  the  west  of  the  Western 
Hemisphere.  If,  however,  relationships  are  being  considered  between 
the  United  States  and  Europe,  the  Eastern  Hemisphere  should  be 
hung  to  the  east  of  the  Western  Hemisphere.  The  objection  to 
hemisphere  maps  as  world  maps  is  the  fact  that  there  is  an  interruption 
between  the  parts  away  from  the  equator,  increasing  as  one  goes 
poleward. 

Interrupted  World  Projections.  There  have  recently 
been  a  number  of  additions  and  improvements  on  interrupted  world 
projections.  One  has  been  made  by  Mr.  Boggs,  geographer  in  the 
State  Department  at  Washington,  D.  C.,  called  eumorphic,  but  the 
one  that  is  in  most  common  use  is  the  one  devised  by  Dr.  J.  Paul 
Goode  of  the  University  of  Chicago,  and  known  as  the  Homolosine 
projection. 

The  purpose  of  a  world  map  in  a  schoolroom  is  generally  to  show 
relationships  between  one  continent  and  another.  If  an  interrupted 
projection  is  used,  some  of  these  relationships  must  necessarily  dis¬ 
appear.  For  example,  in  most  of  the  interrupted  projections  the 
United  States  is  pulled  away  from  Europe  and  the  distance  between 
Europe  and  the  United  States  is  out  of  all  proportion  to  what  it  is 
in  reality.  Hence  the  pupil  is  seeing  these  regions  as  far  apart  instead 
of  close  together  as  they  should  be. 


Figure  25.  Goode  s  Homolosine  Projection 
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Polar  Projections.  Because  of  the  growing  importance  of 
aerial  transportation  maps  of  the  northern  hemisphere  with  their  center  at 
the  north  pole  have  become  popular.  Some  of  these  maps  even  go 
beyond  the  equator  to  include  all  of  the  land  of  the  southern  hemisphere 
except  the  Antarctic  continent.  Sometimes  the  southern  parts  are  inter¬ 
rupted.  Distances  can  be  accurately  computed  only  if  both  points  are 
on  the  same  meridian  or  if  the  connecting  line  goes  thru  the  north  pole. 


North  Polar  P  rojection 


The  first  map  of  this  type  was  made  by  Cassini  in  Paris  in  1  696.  They 
should  be  used  to  supplement  but  cannot  take  the  place  of  an  equatorially 
centered  world  map. 
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Cahill’s  Butterfly  Projection.  This  projection,  based  on 
the  octahedral  system,  is  made  by  cutting  crosses  at  6  equidistant  points 
on  the  covering  of  a  sphere  which  is  then  laid  out  flat.  It  is,  therefore, 
correct  in  scale,  shape,  and  area  and  shows  the  shortest  route  between 
distant  places  with  an  accuracy  unapproached  by  any  other  world  map. 
The  wings  can  be  shifted  to  bring  out  different  earth  relationships. 


Cahill’s  Butterfly  Projection 
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CONTINENT  MAPS 

Thus  far  we  have  been  dealing  with  projections  for  hemispheres 
and  for  the  world  as  a  whole.  It  is  quite  evident  that  some  of  these 
projections  can  be  used  for  a  continent  or  a  smaller  area  as  well.  The 
Mercator  projection,  for  example,  is  a  fairly  good  projection  to  use  for 
Austral’-  and  it  is  used  by  the  United  States  Coast  and  Geodetic 
Survey  m  mapping  the  coastline  of  the  United  States. 

The  Gnomonic  projection  is  hardly  ever  used  for  a  continent  but 
is  used  occasionally  for  sections  of  an  ocean  or  for  polar  areas. 

The  Stereographic  and  Orthographic  projections  are  frequently 
used  for  the  continents  of  South  America  and  Africa.  Generally  there 
is  a  slight  modification  made  so  as  to  make  the  parallels  the  same 
distance  apart,  and  it  is  then  called  a  modified  Orthographic  projec¬ 
tion  or  a  modified  Stereographic  projection. 

Conic  Projections.  The  portion  of  a  sphere  between  the 
planes  of  two  parallels  which  are  near  together  is  very  similar  to  the 
zone  of  a  cone.  If  then  we  imagine  a  paper  in  the  form  of  a  cone 
placed  upon  the  globe,  and  parallels  and  meridians  projected  upon  the 
cone  from  the  center  of  the  globe,  we  have  a  conic  projection.  This 
cone  can  be  unrolled  and  put  in  a  flat  position.  It  is  quite  evident 


Figure  26.  Diagrams  to  illustrate  simple  conic  projections 
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that  the  projection  will  be  most  accurate  just  at  the  place  where  the 
cone  is  tangent  to  the  sphere,  and  the  error  will  increase  both  ways  from 
the  tangent  parallel.  Maps  of  Europe  and  North  America  are  some¬ 
times  put  on  such  a  simple  conic  projection. 

If  you  can  imagine  the  cone  to  cut  thru  the  globe  in  such  a 
way  that  it  becomes  tangent  at  two  different  parallels  it  will  be  evident 
that  it  will  be  most  accurate  at  these  parallels  arrd  reasonably  accurate 
for  some  distance  on  both  sides  of  these  parallels..  If  a  projection 
is  planned  for  the  continent  of  Europe  making  true  parallels  at  40° 
and  60°  a  very  satisfactory  projection  can  be  made.  In  both  of  these 
types,  namely:  the  simple  conic  and  the  conic  tangent  at  two  parallels, 
the  meridians  are  straight  lines. 

Modified  Conic  Projections.  There  are  numerous  projec¬ 
tions  which  adopt  modifications  of  the  conic  projection.  They  run  under 
the  names  of  the  inventors  of  these  particular  systems.  We  have 
Bonne’s  projection,  and  Lambert’s  and  several  others.  There  is,  how¬ 
ever,  one  projection  that  is  not  named  after  the  inventor  but  is  a  semi- 
descriptive  term.  It  is  called  Polyconic  projection,  because  it  is  ad¬ 
justed  at  each  parallel  which  is  drawn  so  that  each  one  is  tangent  to 
the  sphere — hence  “many  cones.”  It  is  used  by  the  United  States 
Geological  Survey,  the  land  office  and  most  of  the  other  departments 
of  the  United  States  government  for  mapping  the  United  States. 

In  explaining  the  various  projections  the  globe  should  be  in  constant 
use  before  the  class  and  comparisons  made  between  the  globe  and  each 
projection. 

Summary.  Various  projections  have  been  devised  from  time  to 
time  and  new  ones  are  likely  to  come.  In  some  projections  we  get  the 
least  distortion  in  the  way  of  comparative  area,  but  these  same  projec¬ 
tions  may  give  the  worst  distortions  in  shape.  Other  projections  cause 
the  shortest  distance  between  two  points  to  be  shown  by  a  curved  line, 
while  some  projections  show  these  shortest  distances  as  straight  lines. 
It  will  be  evident,  therefore,  that  the  choice  of  a  projection  should  be 
determined  by  two  things,  first,  the  part  of  the  earth’s  surface  that  is 
to  be  mapped,  e.g.  a  continent  in  low  latitude,  as  Africa;  a  continent  in 
high  latitude,  as  Europe ;  a  hemisphere  or  the  whole  world,  and  second, 
the  particular  points  that  are  to  be  emphasized  in  the  use  of  this  map. 
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THE  GLOBE  vs.  THE  MAP 

COMPARATIVE  Area.  By  a  glance  at  the  Mercator  Map,  Fig. 
1  9,  it  will  be  seen  that  Greenland  appears  larger  than  South  America 
whereas  it  is  less  than  one-fifth  as  large.  Indeed,  Greenland  seems  to 
be  larger  than  Africa.  Alaska  appears  to  be  one-half  as  large  as  the 
United  States  whereas  it  is  less  than  one-fifth  the  area.  Canada  ap¬ 
pears  over  twice  as  large  as  the  United  States,  altho  it  has  about  the 
same  area.  Siberia  seems  out  of  all  proportion  to  China  and  so  on. 
The  Mercator  Map  is  not  the  only  map  that  is  misleading  on  the 
subject  of  comparative  area — Gall’s  is  only  a  little  better  (see  Fig. 
20).  In  the  maps  of  the  hemispheres,  Greenland  seems  to  be 
much  too  large  as  compared  to  Mexico  (see  Fig.  24).  The  reason 
for  these  apparent  inaccuracies  will  become  clear  in  the  study  of  the 
maps. 

Comparative  Distance.  The  distance  A  B  on  the  Mercator 
map  represents  nearly  25,000  miles.  C  D,  an  equal  distance  on  the 
Mercator  map,  represents  only  about  4,000  miles.  E  F  represents 
692  miles;  while  G  H,  a  distance  on  the  map  more  than  four  times 
as  great,  represents  the  same  number  of  miles.  These  distortions  ac¬ 
count  not  only  for  the  apparent  error  in  comparative  distances,  but 
also  for  the  apparent  error  in  comparative  areas. 

In  the  map  of  the  hemispheres.  Fig.  24,  the  distance  represented 
by  the  curved  line  P  E  is  a  little  over  6,000  miles;  while  P  F,  a  little 
over  half  that  distance,  represents  the  same  number  of  miles. 

Comparative  Direction.  On  the  Mercator  map  it  appears 
that  one  would  start  southwest  in  order  to  take  the  shortest  route  from 
San  Francisco  to  Manila.  The  same  is  true  on  the  hemisphere  map. 
By  means  of  a  string  it  can  be  shown  on  the  globe  that  the  nearest 
route  from  San  Francisco  to  Manila  starts  in  a  northwesterly  direction 
passing  almost  in  sight  of  the  Aleutian  Islands  and  touching  the  east 
coast  of  Japan.  Most  of  the  large  ocean  steamers  on  the  Pacific 
now  take  that  route;  in  fact,  all  do  so  except  those  that  wish  to 
call  at  the  Hawaiian  or  other  islands  for  coal  or  commercial  pur¬ 
poses. 

Examine  the  hemisphere  map  (Fig.  24).  What  bodies  of  land 
appear  south  of  Greenland?  Now  put  Greenland  under  the  metal 
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meridian  of  the  globe  and  notice  that  North  America  is  not  south 
of  Greenland,  but  lies  almost  entirely  to  the  west,  while  South  America 
is  really  south  of  Greenland.  In  fact,  the  west  coast  of  Africa  is 
south  of  the  eastern  part  of  Greenland. 

CONCLUSION.  The  Globe  map  is  the  only  true  map.  The 
larger  the  area  to  be  represented  the  more  the  distortion  in  a  flat  map 
which  must  be  corrected  by  reference  to  the  globe. 


The  Mercator  map  (above)  exaggerates  increasingly  toward  the 
poles.  The  globe  gores  (below)  are  on  the  same  equatorial  scale  and 
correctly  show  Greenland’s  area  in  relation  to  South  America.  These 
gores  exactly  cover  a  globe  ball. 


PART  I  I.  EXERCISES 


EXERCISE  I.  THE  CIRCLE 

DEFINITIONS  AND  EXPLANATIONS 

1 .  A  CIRCLE  is  a  part  of  a  plane  bounded  by  a  line  called  the 
circumference,  every  point  of  which  is  equally  distant  from  a  point 
within  called  the  center. 

2.  A  DIAMETER  is  a  straight  line  passing  thru  the  center  and 
terminating  in  the  circumference. 

3.  A  RADIUS  is  a  straight  line  passing  from  the  center  to  the 
circumference. 

4.  A  DEGREE  (°)  is  ^(jo  of  the  circumference  of  a  circle. 

5.  An  ARC  is  a  part  of  a  circumference.  It  is  generally  measured 
in  degrees.  An  arc  of  60’  is  called  a  sextant;  90°,  a  quadrant; 
180°  ,  a  semi-circle. 

6.  A  CHORD  is  a  straight  line  connecting  the  extremities  of  an 

arc. 

7.  An  ANGLE  ig  the  degree  of  divergence  between  two  lines,  or 
between  two  surfaces,  or  between  a  line  and  a  surface.  The  point  in 
which  the  sides  of  the  angle  meet  is  called  the  VERTEX  of  the  angle. 
Angles  are  generally  measured  in  degrees.  An  angle  is  measured  by 
the  arc  included  between  the  lines  forming  the  angle,  the  vertex  of 
the  angle  being  the  center  of  the  circle  of  which  the  arc  is  a  part. 

8.  A  CENTRAL  ANGLE  is  one  whose  vertex  is  the  center  of  the 
circle  and  whose  sides  are  radii.  It  is  measured  by  the  intercepted  arc. 

9.  An  INSCRIBED  ANGLE  is  one  whose  vertex  is  in  the  circum¬ 
ference  of  a  circle  and  whose  sides  are  chords.  It  is  measured  by  one- 
half  the  intercepted  arc. 

10.  CONCENTRIC  CIRCLES  are  circles  having  the  same  center. 
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QUESTIONS  AND  DIRECTIONS 

1.  Draw  two  concentric  circles,  one  having  a  radius  of  6  cm.  and 
the  other  having  a  diameter  of  6  cm.  How  many  degrees  in  each 
circle? 

2.  Upon  what  does  the  length  of  a  degree  depend? 

3.  Draw  a  horizontal  line  thru  the  center  and  terminating  in 
the  circumference  of  the  larger  circle.  Mark  off  an  arc  of  90°.  What 
is  this  arc  called? 

4.  How  many  such  arcs  in  a  circle? 

5.  In  the  small  circle  mark  off  an  arc  of  30°,  also  one  of  23j/2°. 
In  the  larger  circle  draw  an  inscribed  angle  subtending  an  arc  of  120°. 
What  is  the  size  of  this  angle? 

6.  Draw  to  scale  concentric  circles  to  represent  the  comparative 
size  of  the  planets.  Let  the  radius  of  Jupiter  be  8.65  cm.  See 
table  near  end  of  book. 

7.  Draw  to  scale  concentric  circles  representing  the  size  of  the 
sun  and  the  orbit  of  the  moon.  Assume  864,000  miles  as  the  diameter 
of  the  sun  and  480,000  miles  as  the  diameter  of  the  moon’s  orbit. 
LLe  9  cm.  as  the  sun’s  diameter. 

8.  Draw  a  right  angle  with  sides  1  inch  long.  Draw  an  acute 
angle  with  sides  2  inches  long.  Which  is  the  larger  angle? 


EXERCISE  II.  THE  SPHERE 

DEFINITIONS  AND  EXPLANATIONS 


1.  A  SPHERE  is  a  solid  bounded  by  a  curved  surface  every  point 
of  which  is  equally  distant  from  a  point  within  called  the  center. 

2.  A  GREAT  CIRCLE  is  the  intersection  of  a  sphere  with  a  plane 
passing  thru  its  center.  It  divides  the  sphere  into  two  equal  parts. 

3.  A  SMALL  CIRCLE  is  the  intersection  of  a  sphere  with  a  plane 
not  passing  thru  its  center.  It  divides  the  sphere  unequally. 

Note— In  the  following  definitions  the  earth  is  treated  as  if  it 
were  a  true  sphere. 

4.  The  AXIS  of  the  earth  is  the  diameter  upon  which  it  rotates. 
Its  ends  are  called  poles.  It  is  the  diameter  pointing  to  the  North  Star. 

5.  The  EQUATOR  is  that  great  circle  of  the  earth  which  is  per¬ 
pendicular  to  the  axis. 

6.  A  MERIDIAN  CIRCLE  is  any  great  circle  that  passes  thru  the 
poles.  That  half  of  a  meridian  circle  that  lies  between  the  poles  is 
called  a  meridian.  The  first  or  PRIME  MERIDIAN  is  the  meridian  from 
which  longitude  is  reckoned.  Any  meridian  may  be  used  as  a  prime 
meridian.  Meridians  every  13°  from  a  prime  meridian  are  called  HOUR 
CIRCLES.  They  are  shown  on  the  globe. 

7.  LONGITUDE  is  the  angular  distance  between  two  meridians. 

8.  LATITUDE  is  angular  distance  from  the  equator.  Latitude  is 
distance  north  or  south  of  the  equator  measured  on  a  meridian. 

9.  Co-LATlTUDE  is  the  complement  of  the  latitude,  i.e.,  90°  less 
the  latitude. 

I  0.  A  PARALLEL  of  latitude,  or  simply  a  parallel,  is  a  small  circle 
of  the  earth  parallel  to  the  equator. 

1  1 .  The  HORIZON  is  the  plane  tangent  to  the  earth  at  the  point 
of  the  observer. 

12.  The  ALTITUDE  of  a  star  or  planet  is  its  angular  distance 
from  the  horizon. 

1  3.  The  ZENITH  is  the  point  of  the  heavens  directly  overhead. 
Every  place  is  between  its  zenith  and  the  center  of  the  earth. 

14.  I  he  altitude  of  the  North  Star  equals  the  latitude  of  the 
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place.  To  show  this,  place  the  axis  of  the  globe  in  a  vertical  position. 
If  you  were  standing  at  the  north  pole  the  North  Star  would  appear 
directly  overhead  and  your  latitude  would  be  90°.  Now  put  the  axis 
in  a  horizontal  position.  If  you  were  standing  at  the  equator  you 
would  see  the  North  Star  on  your  horizon  and  you  would  be  at  0° 
latitude.  It  is  90°  from  your  horizon  to  your  zenith,  and  it  is  90° 
from  the  equator  to  the  pole,  therefore  for  every  degree  you  travel 
from  the  equator  to  the  pole  the  North  Star  will  appear  to  rise  one 
degree.  Hence  the  altitude  of  the  North  Star  equals  the  latitude  of 
the  observer. 


QUESTIONS  AND  DIRECTIONS 

1.  What  great  circles  on  the  earth  can  you  name? 

2.  What  small  circles  on  the  earth  can  you  name? 

3.  How  can  you  recognize  the  North  Star?  Estimate  its  al¬ 
titude. 

4.  How  many  meridians  can  there  be? 

5.  How  many  hour  circles  can  there  be? 

6.  Is  an  hour  circle  a  complete  circle  or  a  semi-circle? 

7.  What  meridian  must  be  added  to  each  of  the  following 
meridians  to  complete  a  meridian  circle?  90°  west,  80°  east,  180°? 
What  rule  can  you  give  for  finding  the  meridian  opposite  any  given 
meridian? 

8.  What  meridians  have  been  used  as  prime  meridians? 

9.  What  meridian  is  the  one  most  commonly  used  as  the  prime 
meridian? 

NOTE — In  the  following  diagrams,  name  every  line  that  you 

draw. 

1  0.  Show  by  a  diagram  that  latitude  is  the  angular  distance  be¬ 
tween  two  lines  that  meet  at  the  center  of  the  earth.  Where  is  the 
vertex  of  the  angle  of  latitude? 

1  1 .  Show  by  a  diagram  that  longitude  is  the  angular  distance 
between  two  planes  that  meet  at  the  axis  of  the  earth.  What  is  the 
vertex  of  the  angle  of  longitude? 

1  2.  Prove  by  means  of  drawings  that  the  altitude  of  the  North 
Star  equals  the  latitude  of  the  place. 


EXERCISE  III.  DIRECTION  AND  THE 
HEMISPHERES 

DEFINITIONS  AND  EXPLANATIONS 

1.  East  is  the  direction  along  the  earth’s  surface  in  which  the 
earth  rotates.  The  opposite  direction  is  WEST.  East  and  west  lines 
are  therefore  parallels. 

2.  North  is  the  direction  along  the  earth’s  surface  perpendicular 
to  east  and  west,  toward  the  North  Star.  The  opposite  direction  is 
SOUTH.  North  and  south  lines  are  therefore  meridians. 

3.  The  DIRECTION  of  a  place  from  any  other  given  place  is  de¬ 
termined  by  their  relative  latitudes  and  longitudes. 

4.  The  BEARING  of  a  place  from  any  other  given  place  is  the 
direction  in  which  a  great  circle  that  passes  thru  both  points  crosses 
the  horizon  of  the  observer. 

5.  Whenever  you  look  at  a  globe  you  see  a  hemisphere.  There 
are,  therefore,  as  many  hemispheres  as  there  are  points  on  the  globe. 
Geographers  have  selected  six  hemispheres  as  of  especial  importance, 
namely: — northern  and  southern,  eastern  and  western,  land  and  water. 
The  center,  or  point  of  view  of  the  land  hemisphere  is  London. 

QUESTIONS  AND  DIRECTIONS 

1.  What  is  the  direction  of  Manila  from  San  Francisco? 

2.  What  is  the  bearing  of  Manila  from  San  Francisco? 

Hint — Place  a  taut  string  on  a  globe  between  the  two  points. 

3.  What  is  the  bearing  of  Chicago  from  Peiping,  China? 

4.  What  line  divides  the  northern  from  the  southern  hemisphere? 

5.  What  is  the  center  or  point  of  view  of  the  northern  hemisphere? 

6.  What  is  the  center  or  point  of  view  of  the  southern  hemisphere? 

7.  What  meridians  divide  the  eastern  from  the  western  hemi¬ 
spheres?  Give  several  authorities. 

8.  What  is  the  center  or  point  of  view  of  the  western  hemisphere? 

9.  What  is  the  center  or  point  of  view  of  the  eastern  hemisphere? 

1 0.  I  urn  the  globe  in  such  a  way  that  the  class  will  be  looking 
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at  the  north  pole  and  have  the  ball  so  turned  that  the  meridian  of  Hud¬ 
son  Bay  and  Wisconsin  will  come  under  the  metal  meridian.  Imagine 
yourself  standing  on  the  north  pole;  now  look  south.  Is  this  a  definite 
direction?  Give  reasons  for  your  answer.  (Every  point  in  the  horizon 
is  south.)  Now  look  into  the  region  of  Hudson  Bay  and  Wisconsin. 
Is  this  a  definite  direction?  When  you  are  looking  into  Wisconsin 
what  region  is  on  your  left?  On  your  right?  Back  of  you?  How 
many  degrees  between  front  and  left,  etc?  How  many  degrees  be¬ 
tween  Wisconsin  and  western  Europe? 

1  1 .  All  hour  circles  must  be  multiples  of  what  number? 

12.  Draw  a  circle  with  a  radius  of  three  inches  to  represent  the 
western  hemisphere  and  draw  the  hour  circles.  Also  draw  each  twen¬ 
tieth  parallel.  Number  each  meridian  and  each  parallel  that  you  draw. 


To  illustrate  hint  on  question  2 


EXERCISE  IV.  LATITUDE  AND  LONGITUDE 

DEFINITIONS  AND  EXPLANATIONS 


1.  To  find  the  latitude  of  any  given  place:  Rotate  the  globe  until 
the  given  place  comes  under  the  meridian.  The  degree  on  the  latitude 
side  of  the  meridian  over  the  place  is  its  latitude. 

2.  To  find  all  those  places  on  the  earth  having  the  same  latitude: 
Rotate  the  globe  on  its  axis  and  all  those  places  that  come  under  the 
same  degree  on  the  meridian  as  the  given  place,  have  the  same  latitude. 

3.  To  find  the  longitude  of  any  given  place,  and  all  those  places 
having  the  same  longitude:  Bring  the  given  place,  say  New  York, 
under  the  meridian.  The  number  of  degrees  on  the  equator,  counting 
from  the  prime  meridian  to  the  metal  meridian,  is  the  longitude  of  the 
place.  If  the  place  is  east  of  the  prime  meridian  the  longitude  is  east 
longitude;  if  west,  west  longitude.  All  places  under  the  meridian  from 
pole  to  pole  have  the  same  longitude. 

4.  To  find  the  latitude  and  longitude  of  any  given  place:  Bring 
the  given  place  under  the  meridian.  The  degree  on  the  latitude  side  of 
the  meridian  above  it  is  its  latitude,  the  degree  on  the  equator  cut  by 
the  meridian  is  its  longitude. 

3.  1  he  latitude  and  longitude  of  a  place  being  given,  to  find  the 

place:  Place  the  axis  in  a  vertical  position.  Find  the  given  longitude 
and  bring  it  to  the  meridian.  Under  the  given  latitude  the  required 
place  will  be  found. 

6.  To  find  the  difference  in  latitude  between  two  places:  Find 
the  latitude  of  each  place.  If  they  are  both  north,  or  both  south 
of  the  equator  the  difference  in  latitude  is  the  difference  between  the 
numbers.  If  one  is  north  and  the  other  south  the  difference  will 
be  their  sum. 

7.  To  find  the  difference  in  longitude  between  two  places:  Find 
the  longitude  of  both  places.  If  both  be  east  or  both  be  west  their 
difference  in  longitude  will  be  the  difference  between  the  numbers.  If 
one  be  east  and  the  other  west,  the  difference  in  longitude  will  be  their 
sum,  if  it  does  not  exceed  180°.  If  their  sum  exceeds  180°,  take  it 
from  360°,  and  the  remainder  will  be  the  difference  in  longitude. 
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QUESTIONS  AND  DIRECTIONS 

1 .  Find  the  latitude  of  your  place.  What  places  on  the  earth 
have  the  same  latitude  as  New  York?  Milwaukee?  New  Orleans? 
Cape  Town?  Cape  Horn? 

2.  What  is  the  longitude  of  Milwaukee?  Chicago?  St.  Louis? 
London?  Peiping?  Manila?  What  is  the  latitude  and  longitude  of 
San  Francisco?  Boston?  Paris?  Rome? 

3.  What  region  of  the  earth  is  latitude  22°  north,  1  58°  west? 

4.  What  is  the  difference  in  latitude  between  Paris  and  London? 
Between  Paris  and  Rio  Janeiro?  Between  Hammerfest  and  New 
York? 

5.  What  is  the  difference  in  longitude  between  New  York  and 
San  Francisco?  Between  Sidney  and  Seattle? 

Note.  For  a  clear  understanding  of  latitude  and  longitude  in 
the  early  grades,  a  slated  globe  is  recommended.  See  the  chapters  on 
the  use  of  slated  globes  (pages  1  18  and  124)  for  a  fuller  treatment. 

Co-LATITUDE  is  the  angular  distance  from  the  poles.  It  is  the 
complement  of  the  latitude,  i.e.,  90°  less  the  latitude.  It  is  shown  on 
the  reverse  of  the  latitude  side  of  the  meridian. 


EXERCISE  V.  SPHERICAL  DISTANCES 

DEFINITIONS  AND  EXPLANATIONS 


1 .  The  shortest  distance  between  two  places  on  a  sphere  is  the 
arc  of  a  great  circle  connecting  those  places. 

To  prove  this  with  a  globe  select  a  place  50°  N.  latitude  on 
the  western  coast  of  North  America,  and  a  place  50°  N.  latitude  on 
the  eastern  coast  of  Asia.  Now  these  places  are  evidently  east  and 
west  of  each  other,  and  on  the  parallel  50°  N.  latitude,  which  is  a 
small  circle  passing  thru  both  of  them.  Take  a  string  and  place  one 
end  at  one  of  the  places  indicated  above  and  draw  it  tight,  bringing 
the  other  end  to  the  other  place.  The  string  thus  placed  is  lying  on 
the  arc  of  a  great  circle.  Now  lay  it  along  the  parallel  and  see  which 
is  the  shorter.  If  the  measurements  are  carefully  made  the  distance 
represented  by  the  string,  which  is  the  great  circle  distance,  will  be 
found  several  degrees  shorter  than  the  parallel.  This  can  also  be 
proved  by  spherical  geometry. 

2.  Every  great  circle  passing  thru  a  point  on  the  earth  must 
pass  thru  the  point  opposite.  This  point  is  called  the  antipode  of 
that  place. 

3.  Every  point  on  the  earth  is  on  some  great  circle  that  passes 
thru  your  schoolroom.  You  can  demonstrate  this  by  means  of  the 
globe  and  a  string.  The  direction  in  which  these  great  circles  start 
from  your  place  is  the  bearing  of  those  places  from  you. 

4.  To  find  the  shortest  distance  between  two  places  lay  a  string 
on  the  globe  and  draw  the  ends  until  the  string  is  tight.  The  string  will 
then  be  lying  on  the  arc  of  a  great  circle. 

Tie  a  knot  in  the  string  about  two  or  three  inches  from  one  end. 
Put  this  knot  on  one  of  the  places.  Mark  the  other  place  on  the  string 
with  a  pencil  or  hold  the  point  on  the  string  firmly  between  the  thumb 
and  forefinger.  Now  put  the  knot  on  the  equator  where  it  is  crossed 
by  the  meridian  of  Greenwich  and  note  the  number  of  degrees  along 
the  equator.  Multiply  this  number  by  69.  This  gives  the  number  of 
miles  between  the  two  places.  This  method  applies  to  globes  of  any 
diameter.  A  tape  marked  off  in  inches  is  very  convenient  for  use  with 

62 


TEACHER'S  MANUAL 


63 


globes  of  4,  8,  16  or  20-inch  diameter.  Multiply  the  number  of  inches 
by  2000,  1000,  500  or  400  respectively,  and  you  have  the  distance 
in  miles  approximately.  The  degree  method  is  accurate. 

On  the  1  6-inch  political  globe  the  distance  between  ports  is  given 
in  statute  miles  and  the  approximate  routes  given  with  green  lines.  On 
some  globes  the  distances  are  given  in  nautical  miles.  To  change  these 
to  statute  miles,  multiply  the  number  of  nautical  miles  by  1.152.  Note 
the  convergence  of  many  routes  at  the  Panama  Canal. 

5.  To  point  thru  the  earth  to  any  place  elevate  the  pole  to  the 
degree  equal  to  the  latitude  of  your  place  and  rotate  the  globe  so  that 
your  place  is  at  the  top.  Have  the  north  pole  toward  the  north.  Now 
the  globe  is  in  the  proper  position  for  your  particular  place.  The 
axis  of  the  globe  is  now  pointing  to  the  North  Star  and  the  axis  of 
the  earth  always  points  to  the  North  Star.  Therefore  in  this  position 
the  axis  of  the  globe  and  the  axis  of  the  earth  are  parallel.  This 
is  called  orienting  the  globe  or  rectifying  the  globe.  You  can  see  at 
a  glance  in  what  direction  you  should  point  thru  the  earth  to  point  to 
any  place. 

6.  The  length  of  a  degree  of  longitude  decreases  as  you  go  pole- 

ward.  To  find  the  length  of  a  degree  of  longitude  along  any  given 
parallel  of  latitude  find  the  distance  between  two  hour  circles  with  the 
aid  of  a  string.  Reduce  this  distance  to  degrees  of  a  great  circle  by 
applying  the  string  to  the  equator  which  is  marked  off  in  degrees.  Mul¬ 
tiply  the  number  found  by  4.6.  The  product  will  be  the  length  in 

miles  of  a  degree  on  the  parallel  measured.  Multiplying  by  4.6  is 

the  same  as  multiplying  by  69,  the  number  of  miles  in  a  degree,  and 
dividing  by  15,  the  number  of  degrees  between  the  hour  circles. 

7.  To  find  how  rapidly  the  inhabitants  of  any  region  are  carried 

from  west  to  east  by  the  rotation  of  the  earth,  find  how  many  miles 

there  are  in  a  degree  of  longitude  in  the  latitude  of  the  given  place. 

Since  every  place  on  the  earth  is  carried  through  15°  of  longitude  in 
one  hour  of  time,  multiply  the  length  of  a  degree  by  15.  The  product 
will  be  the  rate  of  miles  per  hour  at  which  all  places  in  that  latitude, 
north  or  south  of  the  equator,  are  being  carried  to  the  east  by  the  rota¬ 
tion  of  the  earth. 

8.  North  and  south  lines  are  not  parallel,  but  converge  in  the 
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northern  hemisphere  toward  the  north  pole.  Observe  this  by  looking 
at  two  adjacent  meridians  on  the  globe.  It  is  therefore  necessary  to 
use  correction  lines  in  the  United  States  Land  Survey.  ^X^ere  there  no 
correction  lines,  townships  which  are  supposed  to  be  six  miles  square 
would  become  narrower  toward  the  north.  To  obviate  this,  correction 
lines  or  new  base  lines  are  run  every  tenth  town.  Base  lines  are  east 
and  west  lines  from  which  the  towns  are  numbered  north  and  south. 


80°FR0M  YOUR  PLACE 


QUESTIONS  AND  DIRECTIONS 

1.  Locate  a  place  80°  from  your  place.  If  near  Buffalo,  De¬ 
troit,  Chicago,  or  Kansas  City,  Buenos  Aires  is  convenient.  If  near 
New  York  City  or  Buffalo,  Cairo  is  good.  If  near  Los  Angeles  or 
San  Francisco,  Paris  is  handy.  Draw  a  great  circle  passing  through 
your  place.  In  this  circle  draw  the  line  of  the  body.  See  illustration: 

Draw  a  chord  connecting  this  place  with  your  location.  Now 
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notice  that  you  have  an  inscribed  angle  whose  intercepted  arc  is 
180° — 80°.  What  is  the  size  of  the  angle? 

2.  Locate  places  60°,  90°,  120°  and  45°  from  your  place  and 

proceed  as  above.  At  what  kind  of  an  angle  with  the  line  of  the  body 
would  you  have  to  point  in  order  to  point  to  a  place  45°  from  you? 
60  ?  75 °?  120°?  180°?  Prove  this  by  means  of  drawings  and 

the  globe. 

3.  Orient  the  globe  as  explained  in  5  above.  Point  to  Cape 
Town,  Manila,  Cape  of  Good  Hope,  Honolulu,  Peiping,  Australia, 
the  north  pole,  the  south  pole.  Make  drawings  to  show  that  you 
ate  right.  How  many  degrees  from  the  line  of  your  body  is  your  arm 
when  you  are  pointing  to  these  places? 

4.  In  what  direction  does  a  great  circle  cross  your  horizon  that 
passes  thru  your  place  and  London?  Cape  Town?  Central 
Africa?  Gulf  of  Guinea?  Cape  Horn?  This  gives  bearing  but 
not  direction. 

5.  How  far  is  it  from  New  York  to  London?  From  New 
York  to  San  Francisco?  From  San  Francisco  to  Manila?  From 
London  to  Japan,  following  the  water  or  Suez  Canal  route?  How 
far  from  Seattle  to  Japan?  From  London  to  Buenos  Aires?  All 
routes  of  travel  should  be  worked  out  from  the  globe  in  this  way. 
Which  is  nearer  Manila,  San  Francisco  or  Seattle?  Which  is  nearer 
Seattle,  Ireland  or  the  west  coast  of  Africa? 

6.  Find  your  antipodes. 

7.  Find  the  antipodes  of  London. 

8.  How  many  miles  is  it  thru  the  earth  from  a  given  place 
to  the  antipodes  of  that  place? 

9.  How  many  miles  on  the  surface  of  the  earth? 

10.  Can  a  place  on  the  earth  be  further  away  than  its  antipodes? 

1  1.  What  is  the  length  of  a  degree  of  longitude  in  latitude  60° ? 
In  latitude  45  °?  Latitude  30°  ?  Use  the  method  outlined  in  6 
under  explanations  for  this  exercise. 

12.  Determine  the  distance  from  New  York  and  from  London  to 
Valparaiso,  Chile,  via  the  Panama  Canal.  Do  the  same  via  Cape 
Horn. 

13.  What  is  the  shortest  all  water  route  from  London  to  Shanghai? 


EXERCISE  VI.  THE  EARTH  AS  A  SPHEROID 

DEFINITIONS  AND  EXPLANATIONS 


1.  The  equatorial  diameter  of  the  earth  is  7,927  miles. 

2.  The  polar  diameter,  that  is,  the  length  of  the  axis,  is  7,900 

miles. 

3.  More  exactly  the  flattening  is  equal  to  1497  or  .0034. 

4.  Altho  the  length  of  a  degree  of  longitude  decreases  as  you 
go  poleward,  the  length  of  a  degree  of  latitude  increases  as  you  go 
poleward.  We  have  already  learned  in  the  exercise  on  “The  Circle” 
that  a  central  angle  is  measured  by  the  intercepted  arc,  and  that  the 
length  of  a  degree  depends  upon  the  size  of  the  circle. 
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In  the  above  diagram  aA  is  approximately  the  radius  of  a  circle 
of  which  AB  is  an  arc;  bB  is  the  radius  of  a  larger  circle  of  which 
BC  is  the  arc;  etc.  It  is  very  evident  that  the  arc  EP  is  greater  than 
the  arc  AB  altho  each  subtends  an  equal  angle  of  15°  so  each  degree 
near  the  pole  is  longer  than  a  degree  near  the  equator. 

5.  Lake  Itasca,  the  source  of  the  Mississippi  River,  has  an  eleva¬ 
tion  of  1 467  feet  above  sea  level. 

6.  Globes  are  made  to  represent  the  earth  as  a  spheroid.  The 
shortening  of  the  pclar  diameter  is  somewhat  exaggerated. 

QUESTIONS  AND  DIRECTIONS 

1.  How  much  nearer  is  the  north  pole  to  the  center  of  the  earth 
than  the  mouth  of  the  Amazon  River? 

2.  How  much  would  you  estimate  that  a  ship  on  the  ocean  in 
latitude  47°  N.  would  be  nearer  the  center  of  the  earth  than  a  ship 
at  the  equator? 

3.  Accepting  your  own  estimate  in  2,  how  much  nearer  is  the 
surface  of  Lake  Itasca  to  the  center  of  the  earth  than  the  equator? 

4.  How  much  do  you  estimate  the  mouth  of  the  Mississippi  River 
to  be  nearer  the  center  of  the  earth  than  the  equator? 

5.  Subtract  the  results  of  3  from  4.  Which  is  nearer  the  center 
of  the  earth,  the  source  or  the  mouth  of  the  Mississippi  River?  How 
much,  by  your  estimate? 

6.  Taper  a  piece  of  wood  or  a  wooden  lead  pencil  or  use  a 
tapering  pen  holder  and  insert  the  point  between  the  meridian  and  the 
globe  at  the  equator.  Mark  the  distance  that  you  can  insert  it.  Now 
try  it  near  the  south  pole.  (The  time  dial  is  often  in  the  way  at  the 
north  pole.)  Note  the  difference. 

7.  Try  the  same  at  the  mouth  and  at  the  source  of  the  Missis¬ 
sippi  River. 

8.  What  is  wrong  with  the  following  syllogism?  Major  premise: 
“Up  is  away  from  the  center  of  the  earth,  down  is  toward  the  center 
of  the  earth.”  Minor  premise:  “The  source  of  the  Mississippi  is  nearer 
the  center  of  the  earth  than  its  mouth.”  Conclusion:  “The  Mississippi 
River  runs  upward.”  Insert  a  tapered  pencil  between  the  meridian  and 
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the  globe  at  the  source  and  at  the  mouth  of  the  Mississippi  River. 
Which  is  nearer  the  center  of  the  earth? 

9.  What  is  the  length  in  miles  of  a  degree  of  longitude  at  the 
equator? 

1 0.  What  is  the  length  in  miles  of  a  degree  of  latitude  at  the 
equator? 

1  1 .  What  is  the  length  in  miles  of  a  degree  of  latitude  at  the 
poles? 

1 2.  A  writer  of  a  recent  globe  manual  says  that  the  difference  be¬ 
tween  equatorial  and  polar  radii  would  amount  to  no  more  than  the 
thickness  of  the  map  on  the  globe.  Is  he  right? 

Using  the  figures  in  explanations  1  and  2,  or  in  3,  what  is  the 
correct  difference  between  equatorial  and  polar  diameter  on  a  1 2" 
globe?  On  a  16"  globe?  On  an  18"  globe?  On  a  20"  globe? 


EXERCISE  VII.  PROJECTIONS 

DEFINITIONS  AND  EXPLANATIONS 


1 .  Any  representation  of  a  part  or  the  whole  of  the  earth  on  a 
flat  surface  showing  meridians  and  parallels  is  called  a  PROJECTION. 

2.  The  map  of  the  world  in  common  use  in  which  all  meridians 
are  vertical  lines  and  all  parallels  are  horizontal  lines  is  called  MeRCA- 
tor’s  projection. 

3.  The  map  of  the  hemispheres  in  most  common  use  is  what  is 
known  as  the  GLOBULAR  PROJECTION.  This  is,  however,  similar  to 
two  other  projections,  namely  the  equatorial  orthographic,  and  the 
equatorial  stereographic.  It  can  be  distinguished  from  these  because 
in  it  the  parallels  are  curved,  while  on  the  orthographic  they  are  straight 
lines,  and  because  the  distances  between  meridians  are  equal  while  on 
the  orthographic  and  on  the  stereographic  they  are  unequal. 

4.  Some  of  the  other  projections  in  common  use  are  known  as  the 
Gnomonic,  the  Homolographic,  the  Conic,  the  Polyconic,  etc. 

NOTE. — For  teachers  only.  Further  treatment  of  map  projections 
will  be  found  elsewhere  in  this  manual  (see  pages  37  to  3  1  ). 

5.  A  POLAR  PROJECTION  is  one  whose  center  or  point  of  view 
is  either  the  north  or  the  south  pole. 

6.  A  QUADRANGLE  is  a  part  of  a  map  bounded  by  meridians 
and  parallels. 


QUESTIONS  AND  DIRECTIONS 

1.  POLAR  Projection.  Take  an  orange  and  note  that  it  has 
two  spots  that  may  be  called  poles.  Cut  it  into  halves  along  a  great 
circle  midway  between  these  poles.  We  may  call  this  its  equator. 
Clean  out  the  orange  carefully  (you  will  probably  eat  most  of  it). 
Press  one-half  down  on  a  flat  surface.  Explain  what  happens  and 
why. 

2.  Divide  the  circumference  of  the  other  half  into  30°  and  care¬ 
fully  cut  from  each  of  these  points  24  of  the  way  to  the  pole,  now 
press  it  on  to  a  flat  surface.  Make  a  diagram  of  what  you  see.  You 
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may  enlarge  this  diagram  somewhat  and  make  the  lines  smooth.  Shade 
in  lightly  the  parts  that  represent  the  orange. 

3.  Give  the  area  of  Greenland.  Of  South  America.  About 
how  many  times  as  large  as  Greenland  is  South  America? 

4.  How  do  these  areas  compare  on  a  map  of  the  world  on  Mer¬ 
cator’s  Projection?  See  page  43.  How  do  they  compare  on  a  globe? 

5.  In  the  same  way  compare  Alaska  with  the  United  States. 

6.  What  conclusion  do  you  draw  from  this  in  regard  to  deter¬ 
mining  relative  areas  from  a  Mercator  Map? 

7.  How  does  the  length  of  the  60th  parallel  compare  with  the 
length  of  the  equator  on  the  globe?  On  the  Mercator  Map? 

8.  How  many  millimeters  is  it  on  your  Mercator  Map  from  the 
equator  to  the  parallel  of  10°  north  latitude?  From  70°  to  80° 
north  latitude?  How  do  these  distances  compare  on  a  globe? 

9.  How  does  the  width  of  the  torrid  zone  on  one  part  of  the  earth 
compare  with  its  width  in  every  other  part? 

10.  How  does  the  width  of  the  torrid  zone  in  the  center  of  a 
Globular  Map  compare  with  the  width  at  the  sides? 

1  1 .  How  does  the  quadrangle  at  the  center  of  the  Globular 
Map  compare  with  the  ones  at  the  sides  just  next  to  the  equator? 

12.  What  conclusions  do  you  draw  from  this  in  regard  to  deter¬ 
mining  relative  areas  from  a  Globular  Map? 

1 3.  Which  projection  is  better  for  this  purpose,  Mercator’s  or 
the  Globular? 

1 4.  How  does  the  distance  from  the  equator  to  the  north  pole 
in  one  part  of  the  earth  compare  with  that  distance  in  every  other  part? 

15.  What  do  you  find  to  be  true  on  a  Globular  Map? 

1  6.  What  conclusion  do  you  draw  from  this  in  regard  to  deter¬ 
mining  relative  distances  from  a  Globular  Map?  Which  projection  is 
better  for  this  purpose,  Mercator’s  or  the  Globular? 

1  7.  What  is  the  direction  of  Lisbon,  Portugal,  from  Peiping, 
China?  Which  map  shows  this  in  a  straight  line? 

18.  What  is  the  bearing  of  Lisbon  from  Peiping?  Does  either 
map  show  this  as  a  straight  line? 

19.  What  conclusions  do  you  draw  from  this  in  regard  to  deter¬ 
mining  relative  directions  or  bearings  from  these  maps? 


EXERCISE  VIII.  EFFECTS  OF  ROTATION 

DEFINITIONS  AND  EXPLANATIONS 


1.  The  sun  can  always  see  one-half  of  the  earth  at  any  one  time. 
Those  parts  of  the  earth  on  which  the  sun  is  shining  have  day  and  the 
other  parts  have  night. 

Put  the  axis  of  your  globe  in  a  vertical  position.  Have  some 
particular  pupil  in  the  room  represent  the  sun.  Rotate  the  globe  so 
that  he  can  see  the  United  States.  He  can  not  now  see  any  part  of 
India.  Therefore,  when  they  are  having  day  in  the  United  States 
they  must  be  having  night  in  India  and  China,  for  the  pupil  representing 
the  sun  cannot  see  those  countries.  Paste  a  little  piece  of  paper,  or 
draw  a  cross  with  a  soft  crayon,  on  the  globe  at  your  particular  place. 
Rotate  the  globe  until  your  meridian  is  toward  the  pupil  representing 
the  sun,  that  is,  it  is  noon  (approximately)  at  your  place.  Have  the 
metal  meridian  of  the  globe  at  right  angles  with  your  meridian.  It  is 
6  o’clock  in  the  morning  in  the  region  lying  under  the  metal  meridian 
to  the  west,  and  6  o’clock  in  the  evening  in  the  region  lying  under  the 
metal  meridian  to  the  east. 

2.  Solar  TIME  is  time  reckoned  by  a  sun  dial.  It  is  also  called 
sun  dial  time.  No  clock  can  keep  time  with  the  sun  for  it  does  not 
always  reach  the  meridian  at  the  same  time.  The  difference  between 
solar  and  mean  solar  time  is  explained  in  Exercise  XX,  but  can  be 
easily  found  for  any  day  of  the  year  by  referring  to  the  analemma 
shaped  like  the  figure  8  on  the  globe  in  the  Pacific  Ocean. 

3.  MEAN  SOLAR  TIME  or  local  time  is  the  average  of  the  sun’s 

time. 

4.  STANDARD  time  is  mean  solar  time  taken  at  the  hour  circles. 
It  differs  only  as  to  hours.  The  minutes  and  seconds  are  the  same 
wherever  it  is  used. 

5.  The  time  dial  is  the  piece  of  metal  that  is  generally  found 
at  the  north  pole  and  is  marked  off  in  hours.  It  is  sometimes  called 
an  “hour  circle”  but  this  term  has  another  meaning  as  explained  in 
Exercise  II,  page  36. 

6.  Most  time  dials  are  made  in  the  form  of  a  solid  disk  and 
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hence  cover  up  an  area  near  the  pole.  The  DENOYER  TIME  DIAL  is 
an  improvement  that  avoids  this  and  no  part  of  this  area  need  be  per¬ 
manently  covered  up.  It  is  furnished  with  the  better  globes,  but  can 
be  purchased  and  easily  attached  to  any  1  2  or  1  6-inch  globe.  Because 
it  is  larger,  that  is,  extends  further  from  the  pole,  more  accurate  results 
can  be  obtained  in  the  following  problems  with  its  use. 


Figure  29.  Denoyer  Time  Dial 


Patent  granted 
April  15,  1925 


7.  The  International  Date  Line  is  a  line  in  the  Pacific 
Ocean  where  the  day  is  said  to  begin  and  end.  In  passing  it  you 
change  your  date.  If  it  is  10  A.  M.  Sunday,  May  1st,  on  the  east 
side  of  the  line  and  you  cross  over  to  the  west  side  it  will  be  1  0  A.  M. 
Monday,  May  2nd.  A  little  interesting  story  will  make  the  use  of 
this  plain  to  pupils.  Pat  and  Mike  decide  to  go  around  the  World, 
leaving  Ireland  on  Saturday  noon.  They  both  start  out  with  very  fast 
airplanes.  Pat  starts  westward  and  Mike  starts  eastward.  They  noticed 
that  the  American  flyers  made  the  first  lap  by  going  up  near  the  pole 
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and  in  this  way  took  advantage  of  the  smaller  circle.  So  Pat  heads 
for  Iceland,  then  Greenland,  then  around  the  pole  and  back  home, 
while  Mike  starts  out  for  northern  Norway  and  then  around  by  Alaska, 
over  northern  Canada,  Greenland  and  then  back  home.  Pat  is  travel¬ 
ing  westward  so  fast  that  he  keeps  up  with  the  sun.  After  an  hour  he 
finds  the  sun  is  due  south ;  after  another  hour  he  finds  the  sun  is  still 
due  south  and  this  keeps  on  all  thru  his  journey.  After  24  hours 
he  gets  back  to  Ireland  and  finds  the  people  coming  home  from  church, 
but  he  cannot  believe  that  it  is  Sunday  for  there  has  been  no  night  inter¬ 
vening  since  he  started  on  his  trip.  Mike,  on  the  other  hand,  soon 
comes  on  the  scene,  but  he  insists  it  is  Monday  noon  instead  of  Sunday 
noon.  After  he  had  traveled  eastward  three  hours  he  found  that  the 
sun  was  setting  on  Saturday.  Three  hours  more  gave  the  midnight 
stars;  three  hours  more  showed  the  dawn  of  Sunday  morning;  three 
hours  more  brought  Sunday  noon;  three  hours  later  the  sun  set  Sunday 
evening;  three  hours  later  it  was  midnight;  three  hours  later  the  dawn 
brought  in  Monday;  three  hours  later  still  he  was  back  home  and  he 
insists  that  it  is  Monday  noon.  (The  teacher  should  point  to  these 
three-hour  periods  going  around  the  globe  with  Pat  and  Mike.)  Now, 
of  course,  both  Pat  and  Mike  are  wrong:  it  is  in  reality  Sunday  as  the 
folks  insist.  When  Pat  passed  the  international  date  line  just  west  of 
Alaska  he  should  have  said,  “Now  I  must  change  my  date  from 
Saturday  noon  to  Sunday  noon,”  and  when  Mike  passed  the  same  line 
going  from  Siberia  to  Alaska,  he  should  have  said,  “It  is  now  noon  on 
Sunday,  but  because  I  am  crossing  the  date  line  I  must  set  my  time 
back  and  call  it  Saturday  noon.”  They  would  then  arrive  back  in 
Ireland  on  schedule  time. 

A  number  of  years  ago  it  was  arranged  so  that  the  Philippine 
Islands  were  just  east  of  this  line.  It  was  then  changed  so  that  it 
crossed  the  equator  at  the  150th  meridian  of  W.  longitude.  Now  it 
crosses  the  equator  at  the  1 80th  meridian.  The  effort  is  made  to 
bring  it  as  near  in  coincidence  with  the  1 80th  meridian  as  possible, 
but  it  varies  from  this  slightly  for  two  important  reasons:  First:  The 
people  of  eastern  Russia  want  to  have  the  same  date  as  the  rest  of 
Russia  and  the  Aleutian  Islands  should  have  the  same  date  as  Alaska. 
Second:  Vessels  wish  to  change  days  at  convenient  points,  just  as  rail- 
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roads  change  their  time,  not  exactly  half  way  between  meridians,  but 
rather  at  convenient  points.  The  Samoan  Islands  are  a  convenient 
point  at  which  to  change.  This  accounts  somewhat  for  the  bend  in  the 
line  as  it  is  now. 

QUESTIONS  AND  DIRECTIONS 

1 .  What  part  of  the  earth’s  surface  is  moving  the  most  rapidly 
on  account  of  rotation? 

2.  What  points  on  its  surface  have  the  least  movement? 

3.  Which  way  does  the  day  travel,  eastward  or  westward? 
Why? 

4.  Upon  how  may  degrees  on  the  equator  can  the  sun  shine 
vertically  in  an  hour?  In  four  minutes? 

3.  Thru  how  many  degrees  does  a  point  in  latitude  44°  N. 
rotate  in  one  day?  In  one  hour?  In  four  minutes? 

6.  How  many  minutes  and  seconds  must  you  add  or  subtract 
from  standard  time  to  get  the  mean  solar  time  for  your  place? 

7.  If  it  is  10  A.  M.  (standard  time)  at  your  place  what  will 
be  the  time  of  day  in  New  York?  London?  San  Francisco? 

8.  If  it  is  10  A.  M.  Friday  (standard  time)  at  your  place  what 
is  the  day  and  the  time  of  day  at  Manila?  Tokio?  Extreme  eastern 
Siberia?  The  western  Aleutian  Islands? 

9.  How  many  miles  per  hour  is  a  point  on  the  equator  moving 
eastward  because  of  rotation? 

10.  How  many  miles  an  hour  is  a  point  on  parallel  60^  N.  lati¬ 
tude  moving  eastward  on  account  of  rotation? 

1  1 .  How  many  miles  an  hour  is  your  place  moving  eastward  on 
account  of  rotation? 

Hint  for  10  and  1  1  :  On  a  globe  spread  your  compasses  so  as 
to  mark  the  exact  distance  between  two  hour  circles  on  the  given 
parallel.  Now,  find  the  number  of  equatorial  or  great  circle  degrees 
contained  in  this  distance.  Multiply  the  fraction  found  by  writing  this 
number  over  13,  by  the  results  obtained  in  9.  Why  will  this  give  the 
answer  called  for? 


EXERCISE  IX.  ISOTHERMS 

DEFINITIONS  AND  EXPLANATIONS 


1.  The  MEAN  TEMPERATURE  of  a  place  is  its  average  tempera¬ 
ture  for  a  period  of  about  30  years.  This  is  often  called  the  mean 
annual  temperature. 

2.  The  daily  temperature  is  found  by  adding  (algebraically)  the 
maximum  and  the  minimum  temperatures  for  that  day  and  dividing  by 
two. 

3.  The  monthly  temperature  is  found  by  adding  (algebraically) 
the  daily  temperatures  and  dividing  this  sum  by  the  number  of  days  in 
that  month. 

4.  The  yearly  temperature  is  found  by  adding  (algebraically)  the 
monthly  temperatures  and  dividing  this  sum  by  12. 

5.  The  mean  temperature  is  found  by  adding  the  yearly  tem¬ 
peratures  for  any  number  of  years  and  dividing  by  that  number. 

6.  An  ISOTHERM  is  a  line  connecting  places  having  the  same 
temperature.  It  is  understood  to  mean  temperature  reduced  to  sea 
level  unless  modified  by,  “actual  surface  temperatures”  or  “not  reduced 
to  sea  level.”  On  a  world  map  or  globe  it  would  not  be  practicable 
even  if  possible  to  show  actual  surface  isotherms. 

7.  Annual  isotherms  connect  places  having  the  same  mean  tem¬ 
perature.  See  1  and  4  above.  They  are  useful  for  certain  problems 
and  are  often  found  in  atlases  and  textbooks  of  geography,  but  are  not 
put  on  globes. 

8.  January  and  July  isotherms  connect  places  having  the  same 
temperature  for  these  months.  See  3  above.  January  isotherms  appear 
in  blue  lines  on  all  well  edited  school  globes  and  July  isotherms  appear 
in  red  lines.  Bear  in  mind  that  January  is  in  the  summer  of  the 
southern  hemisphere. 

9.  The  mean  temperature  at  the  equator  is  79.7°  F.  and  at  the 
poles  it  is  2.3°  F. 

1 0.  There  is  room  in  the  oceans  to  receive  all  of  the  rock  and 
soil  of  all  the  continents.  Every  rain  that  falls  helps  to  move  the  con¬ 
tinents  into  the  ocean.  If  the  earth  were  all  covered  with  water  all 
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isotherms,  annual,  January  and  July,  would  be  parallel  to  the  equator. 

I  1.  Temperature  range  or  range  in  temperature  is  the  difference 
between  the  January  and  July  temperatures.  The  terms,  daily  range, 
weekly  range,  monthly  range,  etc.,  are  also  used. 

QUESTIONS  AND  DIRECTIONS 

1.  What  January  isotherm  is  nearest  your  home? 

2.  What  July  isotherm  is  nearest  to  your  home? 

3.  What  January  isotherm  is  nearest  the  equator  in  the  Pacific 
Ocean? 

4.  What  July  isotherm  is  nearest  the  equator  in  the  Pacific 
Ocean? 

5.  What  then  is  the  temperature  range  at  the  equator  in  the 
Pacific  Ocean? 

6.  What  is  the  January  isotherm  in  latitude  60°  south  of  the 
equator? 

7.  What  is  the  July  isotherm  in  latitude  60°  south  of  the 
equator? 

8.  What  is  the  temperature  range  at  this  latitude? 

9.  What  is  the  January  isotherm  just  south  of  Wrangell  Island, 
near  Bering  Strait? 

10.  What  is  the  July  isotherm  just  south  of  Wrangell  Island, 
near  Bering  Strait? 

11.  What  is  the  difference  in  temperature  between  4-2°  (two 
degrees  above  zero)  and  — 2°  (two  degrees  below  zero)  ? 

12.  What  is  the  temperature  range  at  Wrangell  Island? 

1 3.  Find  a  place  on  the  globe  where  the  January  isotherm  is 
— 60°. 

14.  What  July  isotherm  crosses  this  area? 

15.  What  is  the  temperature  range  at  this  place? 

I  6.  Can  you  find  a  place  on  the  globe  where  they  have  a  colder 
January  or  July,  or  where  they  have  a  greater  temperature  range? 

17.  In  what  regions  do  the  isotherms  run  nearly  parallel  to  the 
parallels? 

18.  Follow  the  July  isotherm  just  south  of  San  Francisco  to  near 
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the  mouth  of  the  Mackenzie  River.  Note  that  it  is  nearly  at  right 
angles  to  the  parallels. 

19.  Follow  the  January  isotherm  from  north  of  the  Shetland 
Islands  to  southern  France. 

20.  At  what  other  places  do  you  find  isotherms  running  roughly 
at  right  angles  to  the  parallels? 

2 1 .  What  seems  to  be  the  cause  of  isotherms  deviating  from 
their  normal  east  and  west  trend? 

22.  What  relation  do  you  see  between  the  northward  bending 
of  the  July  isotherm  of  60°  and  wheat  production  in  the  Peace  River 
Valley? 


EXERCISE  X.  ZONES 

DEFINITIONS  AND  EXPLANATIONS 


1.  There  is  just  so  much  heat  energy  in  a  bundle  of  the  sun’s 
rays.  If  a  certain  bundle  is  called  upon  to  heat  2  square  inches  of 
surface  it  will  heat  each  square  inch  just  /i  as  much  as  if  all  of  this 
energy  were  spent  on  one  square  inch. 

2.  In  the  accompanying  figure  a  certain  size  bundle  of  the  sun’s 
rays  will  heat  up  a  certain  number  of  square  miles  at  or  near  the 
equator.  But  the  same  size  bundle  will  have  to  heat  up  a  much  larger 
area  near  the  poles  and  an  intermediate  area  at  about  latitude  45°. 
The  regions  near  the  equator  will  be  hot  and  those  near  the  poles  will 
be  cold. 


This  is  also  the  chief  explanation  for  the  fact  that  it  is  warmer 
at  noon  than  in  the  early  morning  and  late  afternoon. 

3.  1  here  is  another  reason  why  regions  near  the  equator  are 
warmer. 

In  the  accompanying  figure  the  earth  is  represented  as  having  an 
atmosphere.  Note  that  a  ray  of  sunshine  must  pass  thru  more  air 
the  poles  than  at  the  equator.  T  he  water  and  dust  particles 
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in  the  air  absorb  some  of  the  heat  and  so  the  more  dust  particles  a 
ray  meets  on  its  way  to  the  earth  the  more  heat  it  loses  and  the  less  it 
will  have  left  to  heat  the  surface.  This  also  helps  to  explain  why  it  is 
warmer  at  noon  than  in  the  early  morning  and  late  afternoon.  You 
can  look  at  the  sun  when  it  rises  and  when  it  sets,  but  it  will  hurt  your 
eyes  to  look  at  it  at  noon  on  a  clear  day. 

4.  It  is  convenient  to  give  names  and  to  define  the  limits  of  the 
different  heat  regions  of  the  earth. 


Figure  31.  To  show  why  vertical  rays  are  most  effective 

5.  The  area  extending  from  about  22>Yi°  south  latitude  to  about 
23^2°  north  latitude  is  called  the  Torrid  Zone.  Its  southern  limit 
is  called  the  TROPIC  OF  CAPRICORN  which  is  defined  as  the  parallel 
south  of  which  the  vertical  ray  of  the  sun  does  not  come.  Its  northern 
limit  is  called  the  TROPIC  OF  Cancer,  which  is  defined  as  the  parallel 
north  of  which  the  vertical  ray  of  the  sun  does  not  come. 

6.  The  area  extending  poleward  from  about  66/2 0  of  north 
latitude  is  called  the  NORTH  FRIGID  Zone.  Its  southern  boundary  is 
called  the  ARCTIC  CIRCLE  which  is  defined  as  the  parallel  beyond 
which  the  sun  does  not  shine  on  December  22. 
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7.  The  area  between  the  Torrid  Zone  and  the  North  Frigid  Zone 
is  called  the  NORTH  1  EMPERATE  ZONE. 

8.  The  area  extending  poleward  from  about  66J/2°  south  latitude 
is  called  the  SOUTH  FRIGID  Zone.  Its  northern  boundary  is  called 
the  Antarctic  Circle  which  is  defined  as  the  parallel  beyond  which 
the  sun  does  not  shine  on  June  21st. 

9.  The  area  between  the  Torrid  Zone  and  the  South  Frigid  Zone 
is  called  the  SOUTH  TEMPERATE  Zone. 


S,  frigid 

Figure  32.  Zones 

10.  The  names  given  these  zones  have  been  called  into  question 
and  several  attempts  have  been  made  at  new  names  and  new  boundaries. 
Isotherms  rather  than  parallels  should  bound  heat  zones.  As  will  be 
seen  from  6  and  8,  the  limit  of  the  zones  are  light  limits  rather  than 
heat  limits  and  so  these  can  be  thought  of  as  light  zones  rather  than 
heat  zones. 

1  1 .  Professor  A.  Supan  has  suggested  the  following  temperature 
zones:  The  Hot  Belt  which  is  bounded  to  north  and  south  by  the 
isotherms  representing  the  mean  annual  temperature  of  20  C.  (68  F)  ; 
the  TEMPERATE  Belts  lie  between  these  lines  and  the  isotherms  of 
10  C.  (50  F)  for  the  warmest  month;  the  COLD  Caps  cover  the 
region  round  the  poles  to  the  isotherm  of  10  C  (50° F.)  for  the 
warmest  month. 
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QUESTIONS  AND  DIRECTIONS 

1 .  Does  the  mean  temperature  increase  or  decrease  as  you  go 
poleward? 

2.  What  kind  of  clothing  is  most  used  in  the  torrid  zone?  What 
kind  are  required  in  the  frigid  zones? 

3.  What  kind  of  houses  are  most  used  in  the  torrid  zone?  What 
kind  are  required  in  the  frigid  zones? 

4.  What  kind  of  a  skin  covering  do  most  animals  have  that  live 
in  the  torrid  zone?  What  kind  of  skin  covering  do  animals  have  that 
live  in  the  frigid  zones? 

5.  Make  a  diagram  like  Figure  30  but  have  the  axis  vertical  as 
in  Figure  3 1 . 


EXERCISE  XI.  SEASONS 

DEFINITIONS  AND  EXPLANATIONS 


1.  The  Circle  of  Illumination  is  that  great  circle  which 
divides  the  day  from  the  night. 

2.  Two  great  circles  of  a  sphere  always  bisect  each  other. 

3.  The  earth  rotates  on  its  axis  once  in  nearly  24  hours. 

4.  The  earth  revolves  around  the  sun  once  a  year. 

3.  The  axis  of  the  earth  is  inclined  to  the  plane  of  the  earth  s 
-orbit  at  an  angle  of  66J/2  degrees. 

6.  The  axis  remains  parallel  to  itself  in  all  parts  of  its  orbit. 

7.  On  June  21  the  north  pole  is  inclined  toward  the  sun. 

8.  On  March  2 1  and  September  22  neither  pole  is  pointed 
toward  the  sun  nor  away  from  it. 

9.  It  would  be  interesting  to  ask  how  we  know  that  the  earth 
rotates  on  its  axis,  or  how  we  know  that  it  revolves  about  the  sun, 
but  this  must  be  left  for  an  advanced  course  in  physiography.  (See 
Exercise  XXII.) 

10.  It  would  be  interesting  to  know  why  the  earth  rotates  on  its 
axis  and  why  it  revolves  around  the  sun,  and  why  its  axis  is  inclined 
to  the  plane  of  its  orbit,  and  why  it  remains  parallel  to  itself  in  all 
parts  of  its  orbit,  but  these  questions  must  be  left  to  a  course  in 
astronomy. 

1  1.  The  ECLIPTIC  is  the  plane  of  the  earth’s  orbit.  The  earth 
and  sun  are  always  in  this  plane.  It  is  not  the  plane  of  the  floor 
of  your  schoolroom  nor  parallel  to  it.  It  is  only  at  the  Arctic  and 
the  Antarctic  Circles  that  the  plane  of  the  floor  and  the  plane  of  the 
ecliptic  can  be  parallel  to  each  other.  However,  for  the  purpose  of 
this  exercise  it  is  convenient  to  assume  the  plane  of  the  floor  as  the 
plane  of  the  ecliptic. 

12.  If  you  have  a  hanging  globe  place  a  pupil  on  the  spot  over 
which  the  globe  generally  hangs.  The  pupil  will  represent  the  sun 
in  this  exercise.  Draw  the  globe  to  one  side,  say  two  or  three  feet, 
and  pull  it  down  until  its  center  is  at  the  level  of  the  pupil’s  eye. 
Incline  the  axis  at  an  angle  of  66/2°  to  the  plane  of  the  floor  and 
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rotate  the  globe  so  that  the  heavy  line  on  the  globe  called  the  ecliptic, 
is  parallel  to  the  floor.  Now,  revolve  the  globe  around  the  pupil  asking 
him  to  turn  so  as  to  face  the  globe  in  all  parts  of  its  circuit.  The 
teacher  must  be  careful  to  keep  the  meridian  in  a  north  and  south 
position  and  the  ecliptic  line  on  the  globe  parallel  to  the  floor.  The 
class  can  now  see  that  the  axis  of  the  earth  represented  by  the  axis 
of  the  globe  remains  parallel  to  itself  in  all  parts  of  its  orbit. 

When  the  globe  is  north  of  the  pupil  his  line  of  vision  will  fall 
on  the  Tropic  of  Capricorn  23]/2°  below  the  equator.  As  the  globe 
moves  around  the  pupil  his  line  of  vision  will  move  north  until  it 
reaches  the  Tropic  of  Cancer  when  the  globe  is  south  of  him.  The 
class  can  now  see  how  the  vertical  ray  of  the  sun,  represented  by  the 
line  of  vision  of  the  pupil,  passes  thru  47°  of  latitude  from  22>Yl° 
south  latitude  to  22>Yl°  north  latitude. 

1  3.  The  earth  receives  most  of  its  light  and  heat  from  the  sun. 
If  the  days  are  long  and  the  nights  short  we  have  summer.  If  the 
days  are  short  and  the  nights  are  long  we  have  winter.  When  the 
days  are  long  and  the  nights  short  we  receive  more  heat  from  the 
sun  than  is  lost  by  radiation  during  the  night.  But  when  the  nights 
are  longer  than  the  days  more  of  the  heat  is  lost  by  radiation  than 
is  received  during  the  short  day.  This  is  the  chief  cause  of  change 
of  seasons  in  middle  and  high  latitudes. 

Repeat  the  last  experiment  with  another  pupil  to  represent  the 
sun,  only  in  this  case,  rotate  the  globe  on  its  axis  slowly  as  you 
revolve  it  around  the  pupil.  Mark  with  a  soft  crayon  your  location. 
Ask  the  pupil  to  observe  in  which  part  of  the  orbit  he  sees  the  mark 
the  greatest  amount  of  the  time  and  when  the  least  amount  of  the 
time.  If  you  have  difficulty  in  getting  good  results  for  your  locality 
try  it  out  for  the  north  pole,  then  for  the  southern  tip  of  Greenland, 
or  for  Ireland,  then  come  back  to  your  place.  The  pupil  representing 
the  sun  will  generally  clearly  see  why  the  days  are  longer  when  the 
pole  is  tilted  toward  him  than  when  it  is  tilted  away  from  him.  Most 
of  the  class  will  also  understand.  Those  that  do  not  should  be  made 
to  take  the  place  of  the  sun. 

A  rough  drawing  of  the  figure  below  on  the  blackboard  may  help. 

1 4.  There  is  another  distinct,  tho  related,  cause  for  the  change 
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of  seasons,  namely:  the  changing  obliquity  of  the  sun’s  rays.  In  the 
summer,  the  sun’s  rays  are  more  nearly  vertical  to  all  points  within 
the  temperate  and  frigid  zones  than  in  winter.  Draw  on  the  black¬ 
board  a  diagram  like  figure  30.  A  bundle  of  the  sun’s  rays  must 
cover  a  larger  area  of  ground  in  winter  than  in  summer  and  so  each 
unit  area  gets  less  heat,  as  explained  in  Exercise  X. 

If  this  cause  alone  operated,  there  would  be  two  hot  and  two 
cool  seasons  at  and  near  the  equator.  It  would  be  just  as  cool  on 
June  21  as  on  December  21,  for  on  these  days  the  sun’s  rays  would 
be  most  oblique.  T  he  hot  seasons  would  be  at  the  time  of  the 
equinoxes. 
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15.  There  is  still  another  minor  cause  for  the  change  of  seasons. 
Draw  on  blackboard  a  diagram  to  represent  the  earth  with  an  at¬ 
mosphere.  The  flat  side  of  a  piece  of  soft  crayon  works  admirably 
for  making  the  atmosphere.  Each  ray  of  the  sun  must  pass  thru 
more  atmosphere  in  winter  than  in  summer.  See  figure  3 1 . 

1 6.  It  is  not  the  warmest  time  of  day  at  noon  nor  the  coldest 
time  at  midnight.  The  warmest  time  is  a  few  hours  past  noon,  and 
the  coldest  time  a  few  hours  past  midnight,  due  to  the  fact  that  it 
takes  the  sun  some  time  to  heat  up  the  earth  after  the  cold  night  and 
some  of  the  heat  is  retained  until  past  midnight.  For  a  similar  cause 
the  hottest  time  of  the  year  is  not  during  the  longest  day  or  when  the 
sun’s  ray  is  nearest  to  us,  but  the  hottest  time  is  about  the  first  of 
August  and  the  coldest  time  about  the  first  of  February,  more  than 
a  month  after  the  longest  and  shortest  day  respectively. 

QUESTIONS  AND  DIRECTIONS 

1 .  Into  what  kind  of  parts  does  the  Circle  of  Illumination  always 
cut  the  equator? 

2.  How,  then,  will  the  length  of  day  and  night  always  compare 
at  the  equator? 

3.  Into  what  kind  of  parts  does  the  circle  of  illumination  cut 
all  of  the  parallels  on  March  21  and  September  22? 

4.  How,  then,  will  the  length  of  day  and  night  compare  on 
March  21  and  September  22  on  all  parts  of  the  earth? 

5.  Why  are  these  days  called  equinoxes? 

6.  On  June  21  what  parallels  lie  wholly  within  the  zone  of 
illumination? 

7.  On  June  21  what  parallels  lie  wholly  within  the  zone  of 
darkness? 

8.  On  December  2 1  what  parallels  lie  wholly  within  the  zone  of 
illumination? 

9.  On  December  2  1  what  parallels  lie  wholly  within  the  zone  of 
darkness? 

1  0.  What  parallels  are  cut  unequally  by  the  circle  of  illumina¬ 
tion  on  all  days  except  equinoxes? 
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1  1 .  During  what  days  are  all  parallels  north  of  the  equator 
more  than  one-half  of  the  time  within  the  zone  of  illumination? 

12.  During  what  days  are  all  the  parallels  north  of  the  equator 
more  than  one-half  of  the  time  within  the  zone  of  darkness? 

1 3.  How  do  the  days  and  nights  compare  in  length  under 
these  circumstances? 

14.  How  does  this  influence  the  temperature? 
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SEASONS  DEMONSTRATOR 


This  device  consists  of  two  parts:  a  Bessemer  rod  which  is  enclosed 
in  a  fitting  shaped  like  the  letter  “T”,  placed  near  the  center  with  the 
ends  of  the  rod  projecting  upward;  and  a  painted  casting  to  represent 
the  sun.  The  rod  is  placed  on  the  adjustable  upright  rod  of  the  disc  base 
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by  means  of  the  “T”.  The  globe  is  placed  on  the  shorter  end  of  the  rod 
and  the  casting  representing  the  sun  on  the  longer  end.  The  curved  side 
of  the  casting  should  face  the  globe.  The  curve  is  intended  to  represent 
the  arc  of  the  sun,  but  if  this  were  made  on  an  exact  scale,  this  would 
be  nearly  a  straight  line,  and  therefore  the  curve  has  been  exaggerated 
fifty  times,  in  order  to  suggest  sphericity. 

The  distance  between  the  earth  and  the  sun  cannot  be  properly 
represented.  For  the  1 6"  globe,  the  sun  would  be  nearly  three  miles 
away  and  for  the  12"  globe  it  would  be  just  about  two  and  one-fifth 
miles  distant.  No  school-room  device  could  show  the  distance  to  advan¬ 
tage.  In  most  tellurians  the  sun  is  shown  as  smaller  than  the  earth.  In 
this  device  the  great  size  of  the  sun  is  suggested. 

The  globe  and  sun  weight  should  be  properly  fastened  to  the  rod 
by  means  of  the  set  screws.  The  pupil  who  will  represent  the  sun 
should  be  placed  right  between  the  two  with  feet  right  on  the  disc  base. 
The  assembly  should  be  adjusted  in  height  so  that  the  center  of  the 
globe  is  in  the  line  of  sight  of  the  pupil.  This  can  be  done  by  raising 
or  lowering  the  vertical  rod  of  the  disc  base.  When  this  is  done  the 
directions  given  on  pages  82,  (beginning  at  12),  83  and  84  of  this 
Manual  can  be  followed.  Where  a  hanging  globe  is  in  use  this  device 
is  unnecessary.  While  especially  made  for  the  floor  stand  disc  base 
it  can  also  be  used  with  the  heavy  weight  table  base  in  which  case 
however  no  pupil  is  used  to  represent  the  sun. 


EXERCISE  XII.  THE  ANALEMMA 

DEFINITIONS  AND  EXPLANATIONS 

1 .  The  diagram  on  the  globe  that  looks  like  the  figure  8  in  the 
Pacific  Ocean  is  called  an  analemma.  It  is  a  very  useful  and  neces¬ 
sary  diagram  for  a  school  or  a  home  globe.  It  is  omitted  from  some 
globes  called  “Merchant  Shippers”  globes  because  it  interferes  some¬ 
what  with  ocean  routes.  On  some  globes  it  is  shaped  like  a  con¬ 
densed  0. 

2.  The  analemma  shows  the  distance  that  the  vertical  ray  of  the 
sun  is  from  the  equator  for  every  day  in  the  year.  Each  month  is 
indicated  by  a  distinct  color  and  each  day  by  a  separate  dot.  This 
is  the  most  important  use  of  the  analemma  and  both  styles  show  this 
correctly. 

3.  There  is  an  additional  use  for  the  analemma  but  this  applies 
only  to  those  shaped  like  the  figure  8. 

There  is  a  difference  between  mean  solar  time  and  sundial  time 
which  is  called  “THE  EQUATION  OF  TIME.”  The  figure  8  diagram 
tells  at  once  whether  the  clock  is  before  the  sundial  or  whether  it  is 
after  the  dial  for  every  day  in  the  year.  The  reason  why  the  analemma 
takes  its  peculiar  shape  will  be  explained  in  Exercise  XX. 

4.  To  find  all  those  places  on  the  earth  which  receive  the 
vertical  ray  of  the  sun  on  any  given  day:  From  the  analemma  find  the 
parallel  over  which  the  sun  is  vertical  for  that  day.  Rotate  the  globe 
on  its  axis  and  all  places  coming  under  the  number  on  the  metal 
meridian  which  corresponds  to  the  parallel  will  receive  the  vertical  ray 
of  the  sun  on  that  day. 

5.  To  find  the  place  where  the  sun  is  vertical  at  any  given  time: 
From  the  analemma  determine  the  parallel  over  which  the  vertical 
ray  of  the  sun  falls  for  the  given  day.  Bring  the  number  on  the  time 
dial,  which  corresponds  to  the  given  time,  to  the  meridian  of  the  ob¬ 
server.  The  meridian  which  falls  under  the  number  12  on  the  time 
dial  is  the  meridian  upon  which  the  vertical  ray  of  the  sun  is  falling. 
Hence  the  vertical  sun  will  be  over  that  part  of  its  parallel  crossed 
by  this  meridian. 
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Place  the  globe  in  the  sunshine  and  rectify  it  as  explained  in  para¬ 
graph  5  on  page  63.  Place  a  pencil  perpendicular  to  the  point  found 
above  and  you  will  notice  that  the  pencil  does  not  cast  a  shadow. 

6.  To  find  the  direction  from  the  observer  in  which  the  sun  will 
rise  for  any  given  day:  The  sun  always  rises  and  sets  on  your 
horizon  at  points  90°  from  your  zenith.  Therefore  the  vertical  sun 
is  90°  of  a  great  circle  from  the  observer  at  sunrise  and  at  sunset. 
Take  a  string  and  tie  two  knots  in  it  just  90  of  a  great  circle  apart. 
This  may  be  ascertained  by  measurement  along  the  equator.  From 
the  analemma  find  the  parallel  over  which  the  sun  is  vertical  for  the 
given  day.  Now  place  one  of  the  knots  of  the  string  over  your  posi¬ 
tion  and  the  other  knot  on  the  parallel  over  which  the  sun  is  vertical. 
Move  the  knot  eastward  on  the  parallel  over  which  the  vertical  ray 
is  falling  until  the  string  is  tight.  Now  notice  the  direction  toward 
the  east  in  which  the  string  crosses  your  state.  This  is  the  direction 
of  the  rising  sun  for  the  given  day. 

7.  To  find  the  direction  in  which  the  sun  will  set  for  any  given 
day:  Same  as  the  preceding,  except  instead  of  moving  the  knot  east¬ 
ward  along  the  parallel  over  which  the  sun  is  vertical,  move  it  west¬ 
ward.  The  direction  toward  the  west  in  which  the  string  crosses 
your  state  will  be  the  direction  in  which  the  setting  sun  will  be  seen. 

8.  To  find  the  time  of  sunrise  for  any  given  day  at  any  given 

place:  From  the  analemma  find  the  parallel  on  which  the  vertical 

ray  of  the  sun  falls  for  the  given  day.  Now  find  a  place  in  that 
parallel  90°  from  the  observer  by  the  use  of  a  string  the  same  as  in  the 
last  two  problems.  Find  the  longitude  of  this  place  and  turn  the  time 
dial  so  that  the  number  12  will  be  over  the  meridian  representing 
this  longitude.  The  time  indicated  on  the  time  dial  over  the  meridian 
of  the  given  place  will  be  the  time  of  sunrise.  As  the  meridians  are 
very  close  together  near  the  north  pole,  more  accurate  results  can  be 
obtained  by  noting  the  following:  At  six  o’clock  the  sun  will  be  90° 
east  of  the  meridian  of  the  observer;  at  3  o’clock  it  will  be  105° 
east;  at  4  o’clock  120°  east,  etc.  Find  the  place  over  which  the 
sun  is  vertical  when  it  appears  to  rise  at  the  given  place  as  indicated 
above.  Estimate  the  time  between  these  meridians  and  reduce  to 
minutes,  remembering  that  each  degree  is  equal  to  4  minutes  of  time. 
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By  doing  careful  work  by  this  method  and  correcting  for  the  equation 
of  time  as  explained  in  3  above  and  reducing  to  standard  time  as 
explained  in  Exercise  XIX,  you  can  get  the  time  of  sunrise  correct 
to  within  two  or  three  minutes. 

9.  To  find  the  time  of  sunset  for  any  given  day  at  any  given 
place:  Use  a  method  very  similar  to  the  above  which  will  become 
readily  apparent. 

10.  To  find  the  parallels  on  the  earth  beyond  which  no  rays  of 
the  sun  are  falling  for  any  day  of  the  year:  The  tangent  ray  is 
always  90°  from  the  vertical  ray.  From  the  analemma  find  the  latitude 
which  is  receiving  the  vertical  ray  of  the  sun.  Subtract  this  number  from 
90°  and  the  remainder  will  be  the  latitude  in  the  hemisphere  opposite 
the  one  receiving  the  vertical  ray,  beyond  which  the  rays  of  the  sun  do 
not  fall. 

1  I.  To  find  the  length  of  the  longest  day  at  any  place  in  the 
north  frigid  zone:  Count  the  number  of  degrees  the  place  is  from  the 
north  pole.  The  vertical  sun  will  be  the  same  number  of  degrees 
north  of  the  equator  when  the  place  begins  to  have  continuous  day: 
From  the  analemma  count  the  number  of  days  required  for  the  sun 
to  pass  from  its  present  position  to  the  tropic  of  cancer  and  return. 
The  time  thus  found  will  be  the  length  of  continuous  day  at  the  given 
place.  To  find  the  longest  period  of  continuous  day  a  place  will 
have  10°  from  the  north  pole;  from  the  analemma  it  will  be  found 
that  the  vertical  ray  of  the  sun  in  its  northern  journey  reaches  the 
parallels  of  10°  north  latitude  by  the  16th  of  April,  and  that  it  will 
travel  to  the  northern  tropic  and  return  to  the  parallel  of  10°  north 
latitude  by  August  27th.  From  April  16th  to  August  27th  is  4 
months  and  1  1  days.  Therefore  the  longest  period  of  continuous  day 
a  place  will  have  10°  from  the  north  pole,  will  be  4  months  and 
1  1  days. 

QUESTIONS  AND  DIRECTIONS 

1.  On  what  days  of  the  year  is  the  vertical  sun  falling  on  the 
equator?  10°  north  of  the  equator?  10°  south  of  the  equator?  On 
what  parallels  is  the  sun  vertical  today  ?  When  is  the  sun  vertical 
over  the  tropics? 
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2.  Where  is  the  sun’s  vertical  ray  falling  at  10  o’clock  stand¬ 
ard  time  on  May  13th?  Where  at  the  present  moment? 

3.  What  parts  of  the  earth  now  have  continuous  darkness?  On 
what  days  do  no  parts  of  the  earth  have  continuous  darkness? 

4.  What  is  the  longest  period  of  continuous  day  a  place  will 
have  20°  from  the  poles? 


EXERCISE  XIII.  MOON'S  PHASES 

DEFINITIONS  AND  EXPLANATIONS 


1 .  The  moon  gives  no  light  of  its  own,  but  its  light  is  reflected 
sunlight. 

2.  The  half  of  the  moon  that  is  in  shadow  will  be  in  the  zone 
of  darkness;  while  the  other  half  will  be  in  the  zone  of  light. 

3.  Generally,  the  part  that  is  in  shadow  cannot  be  seen  from 
the  earth. 

4.  When  the  dark  part  of  the  moon  can  be  seen,  it  is  due  to 
earth  shine  on  the  moon. 

5.  The  moon  revolves  around  the  earth  once  in  about  28  days, 
and  rotates  once  on  its  axis  in  the  same  period  of  time.  For  this 
reason,  the  earth  can  see  only  one  side  of  the  moon.  The  other  half 
has  not  been  seen  at  any  time. 

6.  There  are  five  phases  of  the  moon,  namely, — new  or  no  moon, 
crescent  moon,  quadrature  (first  and  third  quarter)  gibbous  moon  and 
full  moon. 

7.  To  demonstrate  the  moon’s  phases  to  a  class  draw  down  the 
window  shades,  all  except  one  near  the  globe.  Let  the  sun  be  thought 
of  as  far  off  with  its  light  coming  thru  the  one  window.  Place  a  pupil 
to  represent  the  earth  under  the  place  where  the  globe  hangs.  Imagine 
the  globe  to  be  the  moon.  Now,  draw  the  globe  to  the  side  away 
from  the  window  keeping  the  meridian  parallel  to  the  window.  The 
pupil  representing  the  earth  can  now  see  one-half  of  the  moon  repre¬ 
sented  by  the  globe  and  the  earth  sees  full  moon. 

8.  Now  put  the  moon  between  the  pupil  and  the  window  keeping 
the  meridian  in  the  same  position.  The  earth  can  now  see  only  the 
dark  or  shadow  side  of  the  moon  and  this  is  called  no  moon  or  new 
moon. 

9.  Now  revolve  the  moon  slowly  about  one  eighth  of  the 
way  around  the  earth  counter  clockwise  keeping  the  meridian  always 
parallel  to  itself.  Ask  the  pupil  to  explain  to  the  class  what  he 

Draw  on  the  blackboard,  or  ask  the  pupil  to  do  so,  a  diagram 
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of  what  the  earth  sees.  The  earth  should  see  the  crescent  phase 
of  the  moon. 

1 0.  Revolve  the  moon  another  one  eighth  of  the  way,  i.e.  one 
fourth  of  the  way  from  new  moon.  Draw  on  the  blackboard  what 
the  earth  sees.  It  should  see  a  “half  moon”  or  quadrature. 

1  1 .  Revolve  the  moon  another  one  eighth  of  the  way  around 
and  draw  what  the  earth  sees.  Continue  the  revolution  until  you  are 


back  to  new  moon  asking  the  pupil  at  each  distance  to  describe  what 
the  earth  sees. 

12.  With  an  attentive  class  and  a  careful  demonstration  one 
attempt  is  often  enough.  It  is  better  to  go  over  the  demonstration  sev- 
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eral  times,  each  time  using  a  different  pupil,  and  each  time  speeding 
up  the  demonstration.  It  is  sometimes  necessary  to  use  every  pupil 
in  the  class  to  get  the  idea  fixed  but  once  they  have  taken  the  place 
of  the  earth  they  will  never  again  think  that  the  dark  part  of  the  moon 
is  the  earth’s  shadow. 

QUESTIONS  AND  DIRECTIONS 

1 .  What  phase  will  the  moon  have  when  the  earth  is  between 
the  sun  and  the  moon? 

2.  What  phase  will  the  moon  have  when  the  moon  is  between 
the  earth  and  the  sun?  Why? 

3.  In  the  following,  consider  the  moon  as  at  the  vertex  of  the 
angle.  If  the  angle  formed  by  two  lines,  one  joining  the  earth  and 
the  moon,  and  the  other  the  sun  and  the  moon,  is  more  than  90°,  what 
phase  will  the  moon  have? 

4.  If  this  angle  is  less  than  90°  what  phase  will  the  moon  have? 

5.  What  phase  will  it  have  when  the  angle  is  0°?  When  90°  ? 
When  180°? 

6.  Make  diagrams  to  illustrate  the  position  of  the  sun,  moon  and 
earth  in  each  of  the  five  phases. 


EXERCISE  XIV.  ECLIPSES 

DEFINITIONS  AND  EXPLANATIONS 


1.  When  the  earth  is  EXACTLY  between  the  sun  and  the  moon, 
we  have  a  LUNAR  ECLIPSE. 

2.  If  the  moon’s  orbit  were  in  the  plane  of  the  ecliptic  we  would 
have  a  total  lunar  eclipse  every  month,  at  the  time  of  the  full  moon, 
but  the  moon’s  orbit  is  inclined  to  the  ecliptic  at  an  angle  of  about 
5 14°  and  so  we  seldom  have  lunar  eclipses  oftener  than  twice  a  year. 
Generally  the  moon  passes  a  little  north  or  a  little  south  of  the  earth’s 
shadow  without  touching  it. 

The  earth’s  shadow  is  shaped  like  a  cone  extending  out  857,000 
miles.  Since  the  moon’s  distance  from  the  earth  varies  and  since  the 
moon  does  not  always  pass  thru  the  center  of  the  shadow  the  duration 
of  a  lunar  eclipse  varies  from  a  few  minutes  to  about  two  hours. 

Have  a  pupil  represent  the  moon,  the  globe  the  earth,  and  the 
undarkened  window  the  sun. 


Figure  35.  Lunar  Eclipse 

The  size  of  the  sun  and  earth,  and  the  sun’s  distance  are  not 
to  scale.  The  dark  cone  shaped  shadow  is  called  the  umbra  and  the 
light  shading  the  penumbra. 

3.  The  moon’s  distance  from  the  earth  varies  from  252,972  to 
221,614  making  its  mean  distance  238,840  miles,  in  round  numbers 
240,000  miles. 
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4.  When  the  moon  is  exactly  between  the  earth  and  the  sun  and 
is  near  enough  to  it  we  have  a  SOLAR  ECLIPSE. 

The  size  of  sun  and  earth  are  not  to  scale,  neither  are  the  distances 
proportional.  It  would  be  hard  to  illustrate  the  subject  if  they  were. 
The  dark  cone  shaped  shadow  is  called  the  umbra  and  the  light  shading 
the  penumbra. 


93.000.000  Ml - *j 


Figure  36.  Solar  Eclipse 

Note  that  there  is  only  a  small  area  on  the  earth  that  cannot  see 
any  of  the  sun.  This  is  the  path  of  the  total  solar  eclipse.  Sometimes 
it  is  a  very  narrow  path.  Note  that  there  is  a  very  large  area  on  the 
earth  that  can  see  only  a  part  of  the  sun.  These  parts  have  a  partial 
eclipse.  Note  also  that  there  is  an  area  near  the  north  pole  and  another 
in  the  southern  hemisphere,  that  can  see  all  of  the  sun.  These  parts 
do  not  have  any  eclipse. 

5.  The  moon’s  shadow  is  also  shaped  like  a  cone  but  because 
the  moon  is  so  much  smaller  than  the  earth  and  its  mean  distance  is 
about  the  same  as  the  length  of  its  shadow  the  cone  comes  to  a  point 
at  about  232,000  miles  from  the  moon.  Remembering  that  the  earth’s 
distance  from  the  moon  is  nearly  239,000  miles  it  will  be  seen  that 
the  chances  are  against  having  a  total  solar  eclipse  at  every  new  moon. 
However,  the  length  of  this  cone  shaped  shadow  varies  by  nearly 
4,000  miles  each  way  so  that  it  may  reach  236,000  miles  while  the 
distance  of  the  earth  from  the  moon  may  be  less  than  222,000  miles, 
hence  total  solar  eclipses  altho  rare  do  occur. 

Have  a  pupil  represent  the  earth,  the  globe  the  moon,  and  the 
undarkened  window  the  sun.  Have  the  pupil  move  nearer  the  globe 
(moon)  and  then  further  back.  Have  pupil  explain  what  is  seen. 
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EXERCISE  XV.  TIDES 

DEFINITIONS  AND  EXPLANATIONS 


1 .  Every  piece  of  matter  in  the  universe  attracts  every  other 
piece  of  matter  with  a  force  that  is  equal  to  the  product  of  the  masses 
and  inversely  proportional  to  the  square  of  the  distance  between  the 
masses.  This  is  called  THE  LAW  OF  GRAVITATION.  The  sun  pulls 
the  earth  towards  it  and  the  earth  pulls  the  sun  towards  it.  If  it  were 
not  for  other  forces  they  would  have  come  together  long  ago. 

2.  Inertia  is  that  force  which  keeps  a  body  moving  at  a  con¬ 
stant  velocity  in  a  straight  line  unless  acted  upon  by  some  other  force. 
If  it  were  not  for  gravitation  the  earth  would  probably  go  off  at  a 
tangent  to  its  orbit  and  get  entirely  away  from  the  sun. 

3.  To  illustrate  what  actually  happens  take  some  heavy  object 
like  a  knife,  a  ball  or  a  key,  and  tie  it  to  the  end  of  a  string.  Whirl 
the  object  around  the  hand  and  let  the  class  observe  that  there  is  a 
tendency  for  the  object  to  go  out  in  a  straight  line.  The  string  il¬ 
lustrates  gravitation  while  the  pull  on  the  string  illustrates  inertia. 
The  force  of  gravitation  keeps  the  earth  going  around  the  sun  while 
the  force  of  inertia  sometimes  called  centrifugal  force,  keeps  the  earth 
from  going  into  the  sun. 


M3 


4.  The  earth  attracts  the  moon  in  a  similar  manner  and  the  moon 
also  attracts  the  earth.  The  moon  and  the  earth  together  revolve  around 
a  point  which  is  about  3,000  miles  from  the  center  of  the  earth.  While 
this  is  going  on  the  common  center  of  gravity  of  the  two  bodies  is 
revolving  around  the  sun,  as  shown  by  the  accompanying  diagram. 
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5.  The  tides  are  caused  by  the  attraction  of  the  sun  and  moon. 
If  distance  alone  were  considered,  the  moon  would  attract  the  earth 
more  than  the  sun,  but  altho  the  sun  is  many  times  further  away,  its 
mass  is  so  many  times  greater  than  that  of  the  moon  that  it  results  in 
the  sun  having  an  attraction  for  the  earth  nearly  200  times  as  great 
as  the  moon’s  attraction  for  the  earth.  One  would  think,  therefore, 
that  the  sun  would  have  a  greater  tide  producing  effect  than  the  moon, 
but  this  is  not  the  case. 

6.  Imagine  the  earth  to  be  made  up  of  three  independent  points, 
call  one  the  lithosphere,  that  is,  the  solid  part,  another  one,  the  Atlantic 
Ocean,  and  the  third  one  the  Pacific  Ocean.  Have  an  object  at  the 
side  of  the  room  represent  the  moon.  Now  put  the  globe  in  a  posi¬ 
tion  on  a  line  with  this  object,  have  the  axis  of  the  globe  vertical  and 
rotate  the  globe  in  such  a  way  that  the  Pacific  Ocean  will  be  toward 
the  moon,  and  the  Atlantic  Ocean  in  the  opposite  direction.  The 
class  will  now  be  looking  either  at  India  or  at  Western  North  America. 

7.  Remembering  that  the  solid  earth  acts  as  if  it  were  one  point 

at  the  center  of  the  earth,  and  remembering  that  each  drop  of  water 

in  the  Atlantic  and  each  drop  in  the  Pacific  oceans  can  act  inde¬ 

pendently  of  the  center,  call  attention  to  the  fact  that  the  moon  will 
be  4,000  miles  nearer  to  the  one  ocean  than  it  is  to  the  solid  earth 
and  that  the  solid  earth  will  be  4,000  miles  nearer  to  the  moon  than 
the  other  ocean.  Call  attention  to  the  fact  that  4,000  miles  is  an 
appreciable  fraction  of  240,000  miles,  1  /60,  whereas  it  is  not  an 
appreciable  fraction  of  93,000,000  miles. 

8.  Tide  producing  force  is  caused  by  the  differential  attraction 

of  the  sun  or  moon  upon  the  ocean  nearest  it  in  comparison  with  the 

center  of  the  earth,  and  upon  the  center  of  the  earth  in  comparison 

to  the  ocean  farthest  from  it.  This,  therefore,  causes  two  tides,  the 
ocean  nearest  the  sun  or  moon  is  pulled  away  from  the  center  of  the 
earth,  the  ocean  away  from  the  moon  is  left  behind  as  the  center  of 
the  earth  is  pulled  with  a  stronger  force  than  the  farther  ocean. 

9.  The  force  of  inertia  has  a  better  chance  on  the  parts  farthest 
away  from  the  moon  than  on  the  parts  nearest  to  the  moon.  Thus  it 
is  seen  that  there  are  two  tides  on  exactly  opposite  sides  of  the  earth. 

1 0.  The  fact  that  tides  recur  every  1 2  hours  and  26  minutes 
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led  Julius  Caesar,  over  2,000  years  ago,  to  associate  the  tides  with 
the  moon,  because  the  time  is  precisely  one-half  the  average  interval 
between  two  successive  passages  of  the  moon  across  the  meridian. 

1  1 .  Altho  the  moon  is  the  chief  cause  of  the  tides,  we  should 
have  tides  caused  by  the  sun  if  we  had  no  moon.  The  tide  producing 
effects  of  the  sun  is  about  two-fifths  as  great  as  the  tide  producing 
effect  of  the  moon. 

12.  Spring  TIDES  are  the  tides  produced  by  the  combined  pull 
of  the  sun  and  the  moon.  They  occur,  therefore,  when  the  moon 
is  near  the  full  or  near  the  new  moon,  because  at  this  time  both  the  sun 
and  moon  are  pulling  in  the  same  direction. 

13.  Neap  TIDES  are  the  tides  that  result  when  the  sun  and 

moon  are  pulling  in  opposite  directions  and  hence  these  are  relatively 

lower  than  the  spring  tides.  They  occur  at  the  time  when  the  moon 
is  in  quadrature.  The  relative  height  of  the  spring  tides  as  compared 
to  the  neap  tides  is  as  1  3  to  5. 

1 4.  The  orbit  of  the  moon  around  the  earth  is  not  circular  but 

elliptical.  When  the  moon  is  nearest  to  the  earth  it  is  said  to  be  in 

PERIGEE.  When  the  moon  is  farthest  away  from  the  earth  it  is  said 

to  be  in  APOGEE.  It  is  therefore  evident  that  tides  will  be  highest  of 
all  if  they  happen  to  occur  when  we  have  new  or  full  moon  at  the  time 
the  moon  is  in  perigee,  especially  if  this  occurs  about  January  1  when 
the  earth  is  nearest  to  the  sun,  i.e.  in  perihelion. 

15.  A  full  discussion  of  the  cause  and  effect  of  tides  must  be 
left  to  a  course  in  astronomy.  Just  the  essential  points  can  be  brought 
out  with  a  high  school  class.  Diagrams  on  the  blackboard  will  have 
to  be  utilized,  of  course,  but  the  globe  itself  seems  to  help  the  class  in 
an  understanding  of  the  problem  more  than  the  diagrams  do.  altho 
both  are  necessary. 


EXERCISE  XVI.  PLANETARY  CIRCULATION 

DEFINITIONS  AND  EXPLANATIONS 


1 .  Planetary  WINDS  are  those  winds  which  are  a  direct  result 
of  the  spherical  shape  of  a  rotating  planet.  The  earth  and  some  of 
the  other  planets  have  a  system  of  planetary  winds. 

2.  The  highest  annual  isotherm  is  called  the  thermal  or  HEAT 
EQUATOR. 

3.  A  belt  of  a  few  degrees  near  the  heat  equator  is  called  the 
Doldrum  Belt.  This  belt  migrates  northward  and  southward  with 
the  vertical  ray  of  the  sun,  altho  it  lags  behind  the  vertical  ray  some¬ 
what  and  never  reaches  as  far  north  as  the  Tropic  of  Cancer,  or  as 
far  south  as  the  Tropic  of  Capricorn. 

4.  At  or  near  the  equator  the  air  becomes  lighter  and  rises. 
As  this  air  rises  colder  air  from  the  north  and  south  moves  in  along 
the  surface  of  the  earth  to  take  its  place.  After  the  air  has  risen  to 
a  certain  height  it  moves  away  from  the  equator  above  the  surface. 
Some  of  it  begins  to  come  down  soon  after  it  moves  poleward,  but 
a  good  deal  seems  to  come  down  at  approximately  30°  north  and 
30°  south.  These  latitudes  are  regions  of  high  pressure  and  are  called 
the  Horse  Latitude  Belts.  In  the  accompanying  diagram  it  is 
referred  to  as  the  Zone  of  the  Sub-Tropical  Winds.  Between  the 
Horse  Latitude  and  the  Doldrum  Belt  the  movement  of  the  air  would 
be  equatorward  if  the  earth  did  not  rotate,  but  because  of  rotation  it 
is  deflected  to  the  right  hand  in  the  northern  hemisphere  and  to  the  left 
hand  in  the  southern  hemisphere  causing  the  winds  to  come  from  the 
northeast  in  the  northern  hemisphere  and  southeast  in  the  southern 
hemisphere. 

These  winds  are  known  respectively  as  the  northeast  and  south¬ 
east  trade  winds. 

5.  In  the  upper  atmosphere  the  movement  is  just  the  reverse.  In 
the  zone  of  northeast  trade  the  upper  winds  are  moving  from  the 
southwest,  in  the  zone  of  southeast  trade  the  upper  winds  are  moving 
from  the  northwest.  Just  why  there  are  high  pressure  belts  in  approx¬ 
imately  latitudes  30  is  not  fully  understood. 
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6.  One-half  of  the  area  of  the  surface  of  the  earth  lies  between 
30°  N.  and  30°  S.  The  other  half  of  the  area  of  the  earth  lies 
poleward  from  30°  N.  and  30°  S.  The  area  between  30°  N.  and 
30°  S.  has  uniform  winds  known  as  the  trade  winds.  The  area  ex¬ 
tending  poleward  from  30°  N.  and  30°  S.  has  variable  winds.  That 
is,  the  winds  do  not  blow  steadily  from  any  direction,  but  change  from 
day  to  day  or  within  a  few  days,  generally  moving  eastward  in  large, 
whirling,  revolving  areas  known  as  cyclones  and  anti-cyclones.  The 
general  movement  of  these  cyclones  is  from  the  west  to  the  east  and 
so  these  areas  are  called  the  regions  of  the  Prevailing  Westerlies. 

QUESTIONS  AND  DIRECTIONS 

1.  If  the  earth  did  not  rotate  would  the  air  along  the  earth’s 
surface  move  poleward  or  equatorward? 

2.  How  does  the  air  move  within  the  Doldrum  Belt? 

3.  In  what  direction  would  the  upper  air  move? 

4.  What  would  be  the  direction  of  air  movement  near  the  poles? 

5.  What  happens  to  one  while  standing  in  a  rapidly  moving  street 
car  when  the  car  suddenly  stops? 

6.  How  fast  (miles  per  hour)  is  the  air  near  the  equator  moving 
eastward  due  to  rotation? 

7.  Is  the  earth  moving  more  or  less  rapidly  in  the  region  into 
which  the  upper  air  comes  than  it  was  at  the  equator? 

8.  Toward  what  direction  will  it  be  deflected?  East  or  west? 

9.  From  what  direction  will  it  come?  (a)  In  the  northern 
hemisphere?  (b)  In  the  southern  hemisphere? 

10.  What  name  is  given  to  these  winds?  What  latitudes  do 
they  cover? 

1  1 .  What  happens  to  one  standing  in  a  street  car  when  it  suddenly 
starts? 

1  2.  Is  the  earth  moving  more  or  less  rapidly  in  the  region  into 
which  the  surface  air  comes  than  it  was  in  the  region  from  which 
it  came? 

1  3.  In  what  direction  will  it  be  deflected?  East  or  west? 

14.  From  what  direction  will  it  come?  (a)  In  the  northern 

hemisphere?  (b)  In  the  southern  hemisphere? 
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15.  What  name  is  given  to  these  winds?  Why?  What  lati¬ 
tudes  do  they  cover? 

1 6.  What  is  the  general  direction  of  air  movement  poleward 
from  the  Horse  Latitudes? 

1  7.  Compare  these  winds  with  the  last  as  to  uniformity  of  di¬ 
rection.  What  name  is  sometimes  given  to  them  because  of  this 
quality? 

1  8.  In  what  direction  are  all  winds  deflected,  to  the  right  hand 
or  to  the  left  hand?  (a)  In  the  northern  hemisphere?  (b)  in  the 
southern  hemisphere? 


EXERCISE  XVII.  OCEAN  CURRENTS 


The  white  lines  on  the  globe  indicate  the  main  ocean  currents. 
The  arrows  indicate  the  direction.  The  causes  of  ocean  currents  are 
numerous  and  can  only  be  suggested  here. 

Because  equatorial  regions  are  heated  more  than  polar  regions 
there  will  naturally  be  set  up  slow  convection  currents.  The  water 
along  the  ocean  surface  will  move  toward  the  poles  and  the  colder 
and  heavier  water  will  move  along  the  ocean  bottom  toward  the 
equator.  If  there  were  no  rotation  and  no  other  causes  entering  in, 
there  would  be  a  very  slow  movement  due  to  this  cause  alone. 

Due  to  the  earth’s  rotation  there  is  a  tendency  for  the  water  to 
lag  behind  the  lithosphere  or  solid  earth.  The  surface  of  the  earth  at 
the  equator  is  traveling  from  west  to  east  at  the  rate  of  about  1 ,000 
miles  per  hour.  If  there  were  no  continents  this  lagging  behind  would 
be  uniform. 

As  explained  in  the  exercise  under  planetary  circulation,  all 
fluids  in  the  northern  hemisphere  are  deflected  to  the  right  hand  because 
of  rotation  and  those  in  the  southern  hemisphere  are  deflected  to  the 
left  hand.  At  the  equator  this  deflection  is  at  a  minimum.  At  the 
poles  it  is  at  a  maximum.  At  60°  north  or  south  latitude  the  velocity 
of  the  earth’s  surface  is  only  one-half  as  great  as  it  is  at  the  equator, 
therefore,  the  water  of  a  current  starting  from  the  equator  poleward 
is  constantly  coming  to  places  where  the  bottom  under  it  has  less  and 
less  eastward  velocity.  By  the  law  of  inertia  the  water  tends  to  retain 
the  same  eastward  velocity  with  which  it  started  and  thus  it  moves  to  the 
east  of  north,  shooting  ahead,  as  it  were,  of  the  bottom  over  which  it  is 
flowing,  as  a  rider  does  whose  horse  slackens  his  pace. 

The  contrary  tendency  happens  to  a  stream  flowing  equatorward. 
In  this  case  the  eastward  motion  of  the  water  is  too  slow  for  the  parts 
of  the  bottom  to  which  it  successively  comes;  the  bottom  slips  in  a 
manner  under  it  and  it  flows  to  the  west  of  south  or  to  the  west  of 
north. 

The  influence  of  the  wind  on  the  surface  waters  is  very  pro¬ 
nounced  and  in  the  equatorial  regions  where  the  winds  blow  uniformly 
from  the  northeast  and  southeast  they  cause  the  water  to  be  pulled 
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along  with  them.  In  higher  latitudes  the  prevailing  westerlies  have 
the  same  influence.  In  the  Indian  Ocean  where  the  monsoon  influences 
are  pronounced  the  ocean  currents  follow  along  with  these  monsoon 
winds  so  that  many  think  that  the  chief  cause  of  ocean  currents  should 
be  attributed  to  the  wind  system. 

Differences  in  the  salinity  of  waters  emptying  into  the  ocean  and 
of  icebergs,  which  have  no  salt,  breaking  off  would  naturally  set  up 
minor  circulations  and  as  the  ocean  acts  as  a  unit  all  of  these  minor 
disturbances  would  cause  responses  in  the  ocean. 

The  chief  ocean  currents  are  named  on  the  globe  and  they  should 
be  studied,  but  too  much  credit  should  not  be  given  to  the  climatic  in¬ 
fluences  of  ocean  currents. 

Doubtless  the  temperature  of  Britain  and  the  northwest  part  of 
Europe  is  somewhat  affected  by  the  amount  of  heat  carried  from 
tropical  regions  into  that  territory  but  it  is  estimated  that  if  the  Gulf 
Stream  could  be  turned  around  this  region  would  still  retain  a  good 
temperature,  possibly  only  a  few  degrees  less  than  it  has  at  the  present, 
because  the  westerly  winds  would  still  be  bringing  in  air  from  the 
ocean  which  in  high  latitudes  is  warmer  than  the  land  for  a  yearly 
average  and  much  warmer  in  winter. 

It  seems  to  be  a  very  simple  matter  to  explain  the  differences  in 
temperature  between  northwest  Europe  and  Labrador  if  you  can  give 
all  of  the  credit  for  this  to  the  Gulf  Stream,  but  in  reality  the  problem 
is  not  so  simple. 


EXERCISE  XVIII.  THE  ZODIAC 

The  Zodiac:  By  carefully  observing  the  ecliptic  on  the  globe  you 
will  notice  1  2  peculiar  signs.  These  are  the  Signs  of  the  Zodiac.  The 
first,  or  the  sign  of  Aries,  will  be  found  where  the  ecliptic  crosses  the 
meridian  of  Greenwich.  Every  30°  another  sign  will  appear.  The 
accompanying  table  shows  the  signs  with  their  names  and  also  the  dates 
for  which  they  stand. 

1.  ARIES  (Ram)  <)f>  From  March  21  to  April  20. 

2.  TAURUS  (Bull)  y  From  April  20  to  May  21. 

3.  GEMINI  (Twins)  n  From  May  21  to  June  21. 

4.  CANCER  (Crab)  25  From  June  21  to  July  23. 

5.  LEO  (Lion)  Cl  From  July  23  to  August  24. 

6.  VIRGO  (Virgin)  ri£  From  August  24  to  September  23. 

7.  LIBRA  (Balance)  ^  From  Sept.  23  to  Oct.  23. 

8.  SCORPIO  (Scorpion  )Tt^  From  Oct.  23  to  Nov.  22. 

9.  SAGITTARIUS  (Archer)  $  From  Nov.  22  to  Dec.  22. 

10.  CAPRICORNUS  (Goat)  From  Dec.  22  to  Jan.  20. 

1  1.  AQUARIUS  (Water-bearer)  ZZ  From  Jan.  20  to  Feb.  18. 

12.  PISCES  (Fishes)  From  Feb.  18  to  March  20. 

These  Signs  of  the  Zodiac  represent  certain  constellations,  or 
groups  of  stars,  in  the  heavens,  extending  not  more  than  8°  on  either  side 
of  the  ecliptic.  As  the  sun  follows  in  the  path  of  the  ecliptic  it  is 
always  in  one  of  these  signs. 

On  globes  with  a  horizon  the  signs  of  the  zodiac  are  more  clearly 
shown. 
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EXERCISE  XIX.  DIFFERENT  KINDS  OF  TIME 


DEFINITIONS  AND  EXPLANATIONS 

1 .  Sundial  or  SOLAR  TIME  is  time  reckoned  by  the  sundial. 

2.  As  the  sun  does  not  always  reach  the  meridian  at  the  same  time 
thruout  the  year  it  is  much  more  convenient  to  use  the  average  of  the 
sun’s  time  and  this  is  called  MEAN  SOLAR  TIME.  It  is  also  called 
LOCAL  TIME.  No  clock  could  keep  time  with  the  sun.  The  reason 
for  this  irregularity  of  the  sun’s  crossing  the  meridian  will  be  explained 
in  the  next  exercise. 

3.  Even  the  mean  solar  time  is  not  very  convenient  for  com¬ 
mercial  purposes,  altho  until  within  recent  years  it  was  generally  used, 
so  we  now  have  in  general  use  what  is  known  as  STANDARD  TIME. 
This  agrees  as  to  the  minutes  and  seconds  wherever  used,  as 
explained  in  Exercise  VIII.  It  differs  only  in  the  hours.  For  example, 
when  it  is  five  minutes  after  12  in  New  York  it  is  just  five  minutes 
after  9  in  San  Francisco,  five  minutes  after  1  1  in  Chicago,  and  so  on. 
This  makes  a  very  convenient  arrangement,  especially  for  railroads  and 
traveling  men. 

4.  To  find  the  difference  between  standard  time,  and  mean  solar 
time  at  any  place:  Find  the  number  of  degrees  of  longitude  the  place 
is  from  one  of  the  meridian  lines  indicated  on  the  globe.  Multiply  this 
number  by  4.  This  gives  the  difference  in  minutes  between  the  two 
kinds  of  time.  If  you  have  standard  time  given  add  this  number  of 
minutes  in  order  to  get  local  time  providing  your  place  is  east  of  the 
meridian,  and  subtract  it  if  it  is  west  of  the  meridian.  Reverse  the 
operation  in  case  you  have  local  time  given  and  wish  to  find  stand¬ 
ard  time. 

The  above  rule  would  be  accurate  as  applied  to  all  places  pro¬ 
viding  the  lines  of  division  between  the  different  time  belts  were  ex¬ 
actly  half  way  between  the  hour  circles,  but  from  the  accompanying 
map  it  will  be  seen  that  this  is  not  the  case.  Hence,  the  rule  must 
be  modified  providing  the  given  place  is  in  a  standard  time  belt  other 
than  what  it  would  logically  fall  into. 
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Daylight  Saving  Time.  In  rural  communities  farmers  and 
others  try  to  do  their  work  in  the  hours  of  the  day  when  it  is  light  and 
rest  when  darkness  comes,  but  in  the  busy  industrial  cities  things  are 
definitely  set  with  respect  to  certain  hours.  Work  does  not  begin  until 
7,  8  and  sometimes  9  o’clock  regardless  of  the  time  of  the  year,  while 
social  functions  extend  late  into  the  evening  when  artificial  lights  must 
be  used  even  in  the  summer  time.  The  great  waste  brought  about 


Figure  40.  Federal  Standard  Time  Belts 
Local  Standard  Time  Belts  — 


thru  these  habits  was  recognized  during  the  World  War  when  efforts 
at  economy  were  being  made  on  all  sides.  Both  in  Europe  and 
America,  especially  in  the  industrial  centers,  the  clock  was  shoved 
ahead  one  hour  during  the  summer  periods,  thus  causing  folks  to  begin 
their  work  an  hour  earlier  with  reference  to  sunlight,  and  causing  them 
to  retire  an  hour  earlier  at  night.  If  daylight  saving  occurs  at  a  given 
place,  an  additional  hour  allowance  must  be  made  for  it  in  determining 
such  problems  as  the  time  of  sunrise  or  the  time  of  sunset,  in  exercises 
XII  and  elsewhere. 

SIDEREAL  Time.  There  is  still  another  kind  of  time  that  is  used 
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by  astronomers.  It  is  known  as  sidereal  time,  that  is,  time  that  is 
reckoned  from  the  fixed  stars.  It  can  be  easily  shown  that  sidereal 
time  is  slower  than  mean  solar  time,  growing  slower  by  3  minutes 
and  56  seconds  each  day.  This  is  due  to  the  fact  that  the  earth  makes 
one  more  rotation  on  its  axis  than  there  are  numbers  of  days  in  the 
year.  In  order  to  show  this,  place  a  pupil  in  the  place  where  the  globe 
hangs.  Revolve,  the  globe  around  the  pupil  and  at  the  same  time 
rotate  the  globe  on  its  axis  so  that  North  America  can  be  seen  by  the 
pupil  all  the  while.  North  America  will  be  having  day  all  the  while, 
but  as  you  are  revolving  the  globe  around  in  this  way  the  globe  will 
also  be  making  a  rotation.  Now  suppose  someone  in  the  back  of 
the  room  represents  some  fixed  star.  To  that  star  North  America 
has  passed  thru  a  day  and  a  night.  Now  what  happens  in  reality 
is  that  the  earth  in  its  revolution  around  the  sun  rotates  on  its  axis 
36614  times,  whereas  there  are  only  365 14  days  in  a  year. 

Twenty-four  Hour  Clock.  There  is  a  growing  desire  to  do 
away  with  the  A.M.  and  P.M.  designations  and  to  continue  the  num¬ 
bering  from  12  to  24,  1  P.M.  becoming  13  and  6  P.M.  becoming  18. 
Many  European  countries  already  use  this  system,  and  it  is  in  use  on 
certain  ocean  liners. 


Figure  40a.  Showing  Standard  Time  belts  in  use 


EXERCISE  XX.  EQUATION  OF  TIME 

The  equation  of  time  is  the  difference  between  mean  solar  time 
and  sundial  time.  As  suggested  in  the  last  exercise  sundial  time  is  not 
uniform  and  can  not  be  used  satisfactorily  in  business  or  for  scientific 
purposes.  On  this  account  mean  time  has  been  adopted  which  is 
reckoned  from  a  “fictitious”  or  mean  sun  moving  uniformly  in  the 
equator  at  the  same  average  rate  as  that  of  the  real  sun  moves  in 
the  ecliptic.  It  is  mean  noon  when  this  “fictitious”  sun  crosses  the 
meridian.  This  difference  in  time  depends  upon  two  causes: 

FIRST  CAUSE:  The  variable  motion  of  the  sun  in  the  ecliptic 
due  to  the  eccentricity  of  the  earth’s  orbit,  or  putting  this  a  little  more 
simply,  because  the  earth  in  its  orbit  around  the  sun  describes  an  ellipse 
instead  of  a  circle.  See  drawing: 


Figure  41.  To  Illustrate  Kepler’s  Second  Law 


This  drawing  is  greatly  exaggerated  for  the  purpose  of  illustra¬ 
tion.  1  he  actual  path  of  the  earth  around  the  sun  is  almost  a  circle. 
Kepler,  a  noted  astronomer,  in  the  year  1 609,  discovered  three  very 
important  astronomical  laws,  two  of  which  are:  1st.  The  orbit  of 
each  planet  is  an  ellipse  with  the  sun  at  one  of  its  foci.  2nd.  The 
radius  vector  of  each  planet  describes  equal  areas  in  equal  periods  of 
time.  The  radius  vector  in  the  illustration  is  the  line  which  connects 
the  earth  and  the  sun  at  any  moment.  S  represents  the  sun  and  the 
ellipse  represents  the  orbit  of  the  earth.  The  areas  ASB,  CSD,  and 
ESF  are  all  equal.  From  the  second  law  of  Kepler,  which  depends 
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upon  the  law  of  gravitation,  it  will  be  seen  that  the  earth  moves  more 
rapidly  at  certain  times  than  it  does  at  others,  moving  from  A  to  B  in 
the  same  period  of  time  as  it  does  from  E  to  F.  About  January  2nd 
the  earth  is  nearest  the  sun  (perihelion)  and  therefore  its  orbital  mo¬ 
tion  is  the  most  rapid  at  this  time  of  the  year.  This  makes  the  sun  s 
apparent  eastward  motion  among  the  stars  greatest  in  January,  and 
hence  at  this  time  the  apparent  solar  days  exceed  the  sidereal  days 
by  more  than  the  average  amount,  thus  making  the  sundial  days  longer 
than  the  mean.  The  average  solar  day  is  3  minutes  and  56  seconds 
longer  than  the  sidereal.  The  sundial  will  therefore  lose  time  at  this 
season  and  will  continue  to  do  so  for  about  three  months  until  it  comes 
to  its  mean  value.  It  will  then  gam  until  about  July  5th  when,  if 
the  clock  and  the  sun  were  started  together  January  2nd,  they  will  be 
together  once  more.  Thus  twice  a  year  so  far  as  this  cause  is  concerned 
the  clock  and  the  sun  will  be  together,  namely,  at  January  2nd  and 
July  5th,  while  half  way  between  they  would  differ  by  about  8  minutes. 
The  equation  of  time  (so  far  as  due  to  this  cause  only)  being  8  minutes 

in  the  spring  and  8  minutes  in  the  autumn. 

SECOND  CAUSE:  The  inclination  of  the  ecliptic  to  the  equator. 
Even  if  the  earth’s  orbital  motion  were  uniform  there  would  still  be 
an  equation  of  time.  If  the  true  and  fictitious  suns  started  together 
at  one  equinox  they  would  be  together  at  the  solstices  and  the  other 
equinox,  since  it  is  180°  from  equinox  to  equinox  and  the  solstices  are 
half  way  between  them,  but  at  intermediate  points  between  the  equi¬ 
noxes  and  the  solstices  they  would  not  be  together.  This  can  be  shown 
from  the  globe..  Call  the  point  0  longitude  and  0  latitude  the  vernal 
equinox  at  which  point  we  will  start  our  true  and  “fictitious”  suns. 
Notice  that  the  meridian  90°  E.  longitude  cuts  the  ecliptic  as  well  as 
the  equator  at  right  angles,  but  the  meridian  45°  E.  longitude  does 
not  cut  the  ecliptic  at  right  angles.  All  the  meridians  cut  the  equator 
at  right  angles  and  north  and  south  is  determined  by  the  meridians. 
Now  the  distance  from  the  vernal  equinox  to  90°  E.  longitude,  23 /i° 
N.  latitude  is  90°  measured  along  the  ecliptic.  Count  45°  beginning 
at  the  vernal  equinox  along  the  ecliptic  and  you  will  notice  that  45° 
will  take  you  not  quite  to  43°  E.  longitude.  It  will  be  remembered 
that  the  apparent  motion  of  the  sun  in  the  heavens  is  from  east  to 
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west.  Now  suppose  you  were  standing  in  the  little  town  of  Kars, 
latitude  41°  N.  longitude  43°  E.,  and  were  looking  into  the  sky 
you  would  observe  the  real  sun  reaching  your  meridian  about  ten 
minutes  earlier  than  the  mean  sun. 

We  can  represent  graphically  each  of  these  cases.  In  each 
of  the  accompanying  drawings  the  horizontal  line  is  a  scale  of  dates 
one  year  long,  the  lines  denoting  the  beginning  of  each  month.  The 
vertical  distances  of  the  curve  from  this  line  indicates  the  amount  of 
the  equation  of  time  for  that  date.  It  will  be  easily  seen  that  by 
taking  the  algebraic  sums  of  the  points  constituting  the  first  two  curves 
it  will  form  the  3rd  or  true  equation. 
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FIGURE  42.  The  Amount  of  the  Equation  of  Time  Due  to  the  First  Cause 


Figure  43.  The  Amount  of  the  Equation  of  Time  Due  to  the  Second  Cause 
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FIGURE  44.  The  Amount  of  the  Equation  of  Time  Due  to  the  Combined  Causes 


Draw  on  a  piece  of  tracing  paper  the  curved  line  of  Fig.  44  and 
fold  the  paper  about  the  central  vertical  line  and  hold  it  to  the  light. 
You  will  observe  a  figure  like  that  on  the  globe.  The  scale  will 
coincide  with  its  position  on  the  globe. 

To  find  the  amount  of  the  equation  of  time  for  any  day:  Find 
on  the  globe  the  dot  representing  the  day  and  bring  it  to  the  meridian. 
Observe  on  the  scale  the  number  crossed  by  the  meridian  and  also 
whether  this  is  to  the  right  or  left  of  the  120th  meridian.  When  a 
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two-pieced  meridian  is  used  you  can  do  pretty  accurate  work  with 
the  meridian  itself.  If  a  one-pieced  meridian  is  used,  or  if  a  plain 
stand  globe  is  used  a  piece  of  thread  can  be  used  to  advantage  instead 
of  a  meridian.  Be  sure  that  the  thread  is  put  in  such  a  way  that  it  is 
a  meridian.  That  will  mean  that  it  will  not  be  exactly  parallel  to 
the  1  20th  meridian,  but  it  will  be  in  a  true  north  and  south  position. 

QUESTIONS  AND  DIRECTIONS 

1.  On  what  days  is  the  equation  of  time  0?  That  is,  on  what 
days  does  the  real  sun  cross  the  meridian  at  noon? 

2.  When  will  the  sun  cross  the  meridian  on  November  2?  Feb¬ 
ruary  1  1  ?  Today? 


EXERCISE  XXL  THE  MAGNETIC  POLES 

DEFINITIONS  AND  EXPLANATIONS 

1.  The  compass  does  not  point  to  the  true  geographical  pole, 
but  points  to  the  north  or  south  magnetic  pole.  The  north  magnetic 
pole  is  about  20  or  1  385  miles  south  of  the  north  pole  and  the  south 
magnetic  pole  is  about  17°  35'  or  about  1220  miles  north  of  the 
south  pole. 

2.  Magnetic  declination  is  the  departure  of  the  compass  from 
the  true  north  or  south. 

3.  Lines  connecting  those  places  which  have  the  same  magnetic 
declination  are  called  ISOGONIC  LINES. 

4.  A  line  connecting  those  places  which  have  no  magnetic  declina¬ 
tion  is  called  an  AGONIC  LINE. 

5.  The  agonic  lines  keep  changing  their  positions.  At  the  pres¬ 
ent  time  one  extends  from  the  north  magnetic  pole,  thru  Canada,  just 
east  of  Lake  Michigan,  thru  Ohio,  South  Carolina  and  East  of 
Florida.  In  1492  Columbus  found  this  line  to  be  slightly  west  of  the 
Azores.  A  little  later,  when  Spain  and  Portugal  were  in  dispute 
about  the  newly  discovered  lands  the  pope  drew  a  line  north  and 
south  from  the  place  where  there  was  no  magnetic  variation.  This 
was  called  the  line  of  demarcation.  All  lands  to  the  west  were  to 
belong  to  Spain  and  those  to  the  east  to  Portugal.  Thus  Portugal 
got  control  of  Brazil  and  the  Portuguese  language  is  now  spoken 
there.  In  1  660  the  line  ran  thru  London. 

6.  Fhe  variation  of  the  compass  can  be  found  by  taking  the 
Azimuth  of  the  sun.  The  calculation  is  based  on  the  angle  made  by 
an  imaginary  vertical  circle  drawn  thru  the  sun,  cutting  the  horizon, 
and  the  north  or  south  points  of  the  horizon.  Explorers  “take  ob¬ 
servations  of  the  sun”  to  correct  the  compass  by  the  azimuth,  and  the 
operation  is  known  at  sea  as  “shooting  the  sun.”  For  definition  of 
Azimuth  see  Part  III  under  Celestial  globes. 

QUESTIONS  AND  DIRECTIONS 

1 .  Find  the  north  magnetic  pole  on  the  globe. 

2.  bind  the  south  magnetic  pole  on  your  globe. 
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3.  How  many  miles  are  these  two  poles  apart  from  each  other? 

4.  If  the  pope’s  decision,  based  on  the  line  of  no  magnetic  devia¬ 
tion  had  been  made  50  years  after  it  was  made  would  Portugal  have 
been  satisfied  with  such  a  decision? 

5.  If  the  decision  were  made  on  the  basis  of  the  present  devia¬ 
tion  would  Portugal  have  received  more  or  less  than  she  did  receive? 


EXERCISE  XXII.  PROOFS  OF  SPHERICITY  AND 

ROTATION 


DEFINITIONS  AND  EXPLANATIONS 

1 .  People  have  sailed  around  the  earth  in  various  directions. 
This  could  not  happen  unless  the  earth  were  a  sphere  or  a  spheroid. 

2.  Appearance  of  a  ship  at  sea.  When  a  vessel  leaves  a  port  it 
can  be  observed  with  a  telescope  for  a  long  distance  on  a  clear  day, 
but  it  will  be  seen  that  the  lower  part  of  the  ship  disappears  first, 
and  the  top  remains  in  view  for  some  time. 

3.  As  we  travel  northward  and  southward  different  stars  and 
groups  of  stars  come  into  view.  The  sun  also  appears  either  higher 
or  lower  in  the  sky.  This  can  best  be  accounted  for  on  the  basis 
that  the  earth  is  a  sphere. 

4.  The  earth’s  shadow  on  the  moon  in  a  partial  eclipse  is  always 
a  segment  of  a  circle.  This  could  not  be  true  unless  the  earth  were 
a  sphere  as  only  a  sphere  will  cast  a  circular  shadow  in  all  positions. 

5.  The  horizon  increases  as  one  goes  up  to  a  high  mountain 
peak  or  in  an  airship,  and  additional  stars  can  be  seen  on  all  points 
of  the  horizon. 

6.  The  distance  around  the  earth  has  actually  been  measured 
or  computed.  In  the  year  230  B.  C.  Eratosthenes  noticed  that  at 
noon  of  the  longest  day  in  summer  there  was  no  shadow  in  the  bottom 
of  a  well  in  Syene  (Assuan)  in  Egypt  because  the  sun  was  directly 
overhead.  On  the  same  day  at  Alexandria  the  gnomon  cast  a  shadow 
which  showed  that  the  sun  was  7°  15'  from  the  zenith.  Therefore, 
the  difference  in  latitude  between  Alexandria  and  Syene  is  7°  1  5'.  He 
then  reasoned  that  the  circumference  of  the  earth  must  be  to  the  linear 
distance  between  these  two  stations  as  360°  is  to  7°  1  5'. 

7.  If  a  body  is  dropped  from  a  high  tower  it  always  falls  a  little 
to  the  east  of  the  place  from  which  it  started.  This  is  only  about 
one  inch  in  a  500  foot  fall  in  latitude  40°  but  is  more  at  the 
equator  and  just  one-half  as  much  at  latitude  60°  as  at  the  equator. 

8.  If  a  ball  attached  to  a  long  string  is  hung  from  a  high  ceiling 
and  set  to  swinging  like  a  pendulum  in  a  certain  plane,  it  will  be  found 
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to  be  changing  its  position  as  the  earth  rotates  under  it.  If  we  could 
do  this  at  the  north  pole  it  would  go  clear  around  and  come  back  to 
its  original  position  in  about  24  hours.  At  the  equator  it  would  retain 
its  position  constantly.  At  other  latitudes  it  varies  between  these  two 
extremes. 

QUESTIONS  AND  DIRECTIONS 

1 .  Point  out  on  the  globe  the  various  ways  that  people  have 
traveled  around  the  earth. 

2.  Would  it  be  possible  to  circumnavigate  the  earth  if  we  were 
living  in  the  center  of  a  hollow  sphere? 

3.  If  you  were  in  a  tower  100  yards  high  how  far  out  at  sea 
would  a  ship  have  to  be  to  disappear  entirely  from  view  if  its  top  were 
100  yards  above  the  water  level?  Use  seven  million  yards  as  earth’s 
semi-diameter.  Could  the  ship  disappear  from  view  if  we  were  living 
in  the  center  of  a  hollow  sphere? 

4.  Eratosthenes  estimated  the  distance  from  Alexandria  to  Syene 
(the  modern  Assuan)  to  be  5,000  stadia.  If  a  mile  is  equal  to  10 
stadia  how  nearly  accurately  did  he  determine  the  earth’s  circumference? 

5.  How  does  the  flattening  of  the  poles  or  the  bulging  of  the 
equator  help  to  prove  that  the  earth  rotates  on  its  axis? 

6.  Does  the  fact  that  fluids  (liquids  and  gases)  are  deflected  to 
the  right  hand  in  the  northern  hemisphere  and  to  the  left  hand  in  the 
southern  hemisphere  help  to  prove  that  the  earth  rotates  on  its  axis? 
Explain. 

7.  From  explanation  7  prove  that  the  earth  rotates  from  west 
to  east.  Which  is  moving  eastward  at  the  greatest  velocity  the  top 
or  the  bottom  of  a  high  tower?  See  definition  2  in  exercise  XV. 

8.  How  does  Foucault’s  pendulum  explained  in  8  above  prove 
rotation? 


PART  III 


SLATED  GLOBES 

These  globes  are  made  in  a  similar  manner  to  the  ordinary 

politically  or  physically  colored  globes,  but  instead  of  a  map  being 

pasted  to  the  prepared  globe  ball,  ordinary  blackboard  slating  is  brushed 

on.  This  slating  is  of  the  best  quality  but  it  must  be  handled  with 

care  as  a  sudden  blow  will  chip  it  off.  Furthermore,  it  should  be 
cleaned  with  a  cloth  or  if  possible  a  piece  of  chamois  skin.  Chamois 
skin  seems  to  be  the  best  cleaner  not  only  for  glass  and  automobiles 
but  for  all  kinds  of  blackboards  as  well.  Water  should  not  be  used 
on  a  slated  globe  nor  on  a  slated  map  and  certainly  benzine  or  turpen¬ 
tine  must  not  be  used  under  any  circumstance.  Slated  globes  have 
two  rather  distinct  and  diverse  uses.  The  first  is  in  the  early  work 
in  geography,  in  the  study  of  latitude  and  longitude,  and  later  in  a 
discussion  of  the  change  of  seasons.  The  second  is  its  use  in  courses 
treating  of  spherical  geometry,  spherical  trigonometry,  and  higher  math¬ 
ematics,  and  astronomy. 

No  attempt  will  be  made  here  to  explain  how  it  should  be  used 
in  spherical  geometry,  spherical  trigonometry,  or  in  astronomy  as  the 
teachers  of  these  subjects  are  generally  well  acquainted  with  these  uses. 
We  confine  ourselves,  therefore,  to  the  use  of  it  in  geography  subjects. 

For  the  very  early  work  in  latitude  and  longitude  nothing  is 
superior  to  a  slated  globe.  To  draw  the  equator  put  a  piece  of  soft 
crayon  at  the  zero  of  the  meridian  and  rotate  the  globe  slowly.  To 
draw  any  of  the  parallels  put  the  crayon  on  the  meridian  for  any 
latitude  wanted  and  rotate  the  globe  slowly. 

Mark  off  on  the  equator  a  spot  that  you  want  to  call  the  foot  of 
the  prime  meridian.  Get  the  class  to  see  that  any  spot  may  be  chosen. 
Now  draw  a  line  from  the  poles  to  the  equator  along  the  meridian. 
If  your  globe  has  a  two-piece  meridian  you  will  have  no  difficulty  in 
drawing  a  straight  line.  If  you  have  the  single  piece  meridian  you  will 
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have  to  exercise  some  care  to  get  the  line  regular.  In  order  to  draw 
the  other  meridians  which  are  hour  circles,  the  equator  will  have  to  be 
divided  into  twenty-four  parts.  This  is  rather  easily  done.  If  you 
happen  to  have  a  globe  with  a  horizon,  you  can  at  once  check  off 
these  hour  circles  from  the  degree  marks  on  the  horizon.  The  other 
meridians  can  now  be  drawn  in  similar  to  the  first.  It  is  better  not 
to  try  to  start  the  meridians  right  at  the  poles  but  to  start  down  a 
little  way  from  the  pole  and  then  draw  in  free  hand  the  balance  of 
the  distance.  You  will  now  be  able  to  show  how  any  spot  on  this 
big  black  slated  globe  can  be  found  if  you  know  the  latitude  and 
longitude  of  the  place. 

For  teaching  the  change  of  seasons  it  is  best  to  erase  all  of  the 
lines  and  put  on  only  the  tropic  lines  and  the  arctic  and  antarctic 
circles.  Consult  the  exercise  dealing  with  the  cause  of  the  change  of 
seasons. 

For  a  discussion  of  great  circle  sailing  and  great  circle  flying  a 
slated  globe  is  very  convenient.  Find  the  latitude  and  longitude  of  the 
place  from  which  the  ship  or  aeroplane  is  to  start,  mark  it  on  the  slated 
globe,  also  mark  the  destination  of  the  ship,  now  put  a  taut  string 
between  both  places  and  draw  with  a  soft  crayon  a  line  following  the 
string.  From  these  few  simple  lines  great  circle  sailing  can  be  made 
very  clear  and  simple  to  a  class. 

Note.  See  page  1  24  and  following  for  suggestions  in  the  use  of 
slated  outline  globes. 


PHYSICAL  GLOBES 

When  Needed.  In  the  small  school  where  only  one  globe  can 
be  purchased,  the  author  thinks  that  the  political  globe  is  the  most 
serviceable,  altho  he  appreciates  that  some  good  geographers  would 
differ  with  him  in  this  conclusion.  In  a  large  school,  however,  where 
two  or  more  rooms  use  globes  and  where  it  is  possible  to  purchase 
two  or  more  globes,  one  globe  should  have  on  it  a  physically  colored 
map. 

Most  of  the  problems  in  the  exercises  of  Part  II,  being  of  a 
mathematical  nature,  can  be  worked  out  equally  well  with  a  physical 
or  a  political  globe.  Certain  problems  dealing  with  the  relative  areas 
of  countries,  etc.,  cannot  be  so  well  worked  out  with  the  physical  globe; 
but  there  are  a  few  problems  that  can  be  worked  out  better  with  a 
physical  globe,  as  will  appear  in  this  chapter. 

Appearance.  The  physical  globe  has  a  somewhat  different 
appearance  from  the  ordinary  political  globe,  and  it  is  necessary  for 
us  to  learn  to  read  the  symbols  on  this  type  of  globe.  As  physical 
globes  vary  somewhat  in  color  and  treatment,  and  as  the  following 
references  apply  specifically  to  the  Cartocraft  1  6-inch  Physical  Globe, 
it  will  be  necessary  to  modify  the  suggestions  if  other  physical  globes 
are  used. 

Study  carefully  the  legend  appearing  in  the  south  Pacific  Ocean 
just  east  of  New  Zealand.  Note  that  the  olive  green  extends  down¬ 
ward  from  sea  level  in  same  cases  to  below  600  feet ;  that  four  shades 
are  used  for  the  ocean,  according  to  depth ;  that  dark  green  represents 
the  1  ow  lands,  light  green  and  yellow  the  intermediate  lands,  and  suc¬ 
cessive  shades  of  brown  the  higher  lands.  From  this,  it  will  appear 
that  we  can  tell  approximately  the  elevation  of  the  land  above  sea  level 
and  the  depth  of  the  water  in  the  ocean. 

DRAINAGE.  Attention  should  be  called  to  the  high  lands  which 
surround  the  Pacific  Ocean,  beginning  with  the  Andes  of  western 
South  America  and  the  Rocky  Mountains  of  western  North  America; 
and  extending  across  Bering  Strait  to  the  Stanovoi  and  the  Great 
Khingan  Mountains  of  eastern  Asia;  then  connecting  with  the  Him¬ 
alaya  Mountains  of  central  Asia.  It  will  be  seen  from  this  that 
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paratively  few  rivers  flow  into  the  Pacific  Ocean,  the  high  barriers 
interfering  with  such  drainage. 

The  Indian  Ocean,  likewise,  is  shut  off  by  high  mountains  in 
Asia  and  Africa.  While  it  receives  a  large  amount  of  water  from 
the  Indus  and  Ganges  rivers,  it  does  not  receive  so  much  water  as  the 
much  smaller  Arctic  Ocean  receives.  The  small  Arctic  Ocean  receives 
a  large  amount  of  water  from  the  drainage  of  northern  Asia  and 
Europe,  and  also  a  goodly  amount  from  North  America  by  way  of 
the  Mackenzie  river.  The  Atlantic  Ocean,  of  course,  is  the  ocean 
that  receives  the  most  drainage.  Practically  all  of  the  drainage  of 
North  and  South  America  goes  to  the  Atlantic,  as  does  also  most  of 
the  drainage  of  Africa. 

Land  and  Water.  From  either  the  political  or  the  physical 
globe,  we  can  bring  out  the  fact  that  three-fourths  of  the  earth’s  sur¬ 
face  is  covered  with  water.  Only  from  the  physical  globe  can  we 
bring  out  a  further  important  fact ;  namely,  that  about  two-thirds  of 
the  earth’s  surface  is  sunk  two  to  three  miles  below  the  other  one-third. 
In  most  parts  of  the  earth  the  slope  from  the  land  into  the  sea  is  not 
marked  by  a  sudden  drop;  it  is  generally  very  gradual.  This  con¬ 
tinues  to  be  gradual  until  we  reach  the  edge  of  the  continental  shelf. 
The  edge  of  the  continental  shelf  is  approximately  600  feet  in  depth, 
and  its  area  is  colored  in  light  blue  on  the  globe.  Beyond  this  line  there 
is  a  sudden  dropping  down  into  the  true  ocean.  The  part  of  the  ocean 
which  laps  up  over  the  continental  shelf  is  called  the  epicontinental  sea ; 
that  is,  the  sea  that  is  on  top  of  the  continent.  In  other  words,  the  true 
borders  of  the  continents  are  at  the  edge  of  the  continental  shelf. 

It  is  now  a  well  established  fact  in  geology  that  no  part  of  the 
true  ocean  ever  again  becomes  a  part  of  a  continent;  in  other  words, 
the  dictum  is,  “Once  an  ocean,  always  an  ocean.”  A  dropping  down 
of  a  considerable  section  of  the  ocean  bottom  would  so  withdraw  the 
water  that  a  goodly  part  of  the  continental  shelf  would  again  become 
dry  land.  This  actually  has  happened  at  different  times  in  the  history 
of  the  earth. 

It  is  the  mission  of  every  drop  of  water  that  falls  in  the  form  of 
rain  or  snow  to  carry  a  little  particle  of  the  solid  earth  from  the  conti¬ 
nents  into  the  sea.  It  is  true  that  many  of  these  drops  evaporate  long 
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before  they  get  to  the  sea ;  nevertheless  a  great  deal  of  sediment  is  carried 
by  the  rivers  into  the  ocean.  If  the  forces  of  volcanism  and  diastrophism 
were  not  at  work  making  new  depressions  in  the  earth’s  crust  and  raising 
up,  relatively,  certain  areas,  the  continents  in  a  few  million  years  would 
be  carried  into  the  sea  by  the  rivers.  This  would  fill  up  the  sea  so  much 
that  the  ocean  would  extend  further  onto  the  continents;  the  continental 
shelves  would  become  larger  and  the  area  of  the  continents  would  be¬ 
come  smaller.  This  also  has  taken  place  many  times  in  the  geological 
history  of  the  earth. 

If  we  could  compare  the  bed  of  the  ocean  with  the  land,  we  would 
find  that  the  surface  of  the  land  is  much  rougher  than  the  bed  of  the 
ocean.  This  is  well  shown  on  the  globe.  The  forces  of  weathering 
and  erosion,  which  tend  to  make  the  land  rough,  do  not  have  an  oppor¬ 
tunity  to  operate  on  the  bottom  of  the  ocean.  However,  the  forces  of 
weathering  and  erosion  are  not  the  only  forces  tending  to  make  the 
surface  irregular,  because  earthquakes  and  volcanoes  have  the  same 
tendency.  So  far  as  we  know,  earthquakes  are  at  work  making  ir¬ 
regularities  in  the  bed  of  the  ocean  just  as  much  as,  if  not  more  than, 
they  are  on  the  land.  Thus,  we  find  in  many  parts  of  the  ocean 
small  areas  in  the  lighter  blue,  indicating  shallow  water.  Many  of 
these  areas  are  circular,  indicating  that  the  elevations  from  the  ocean 
bottom  are  caused  by  volcanic  action.  Special  attention  should  be 
called  to  the  great  number  of  these  cones  occurring  in  Micronesia  and 
Melanesia. 

Ocean  Currents.  These  are  here  shown  by  red  lines — the 
warmer  currents  with  continuous  lines  and  the  colder  currents  with 
broken  lines.  Arrows  indicate  the  direction.  See  the  exercise  on  Ocean 
Currents  on  pages  104  and  105. 

Temperature.  Altho  no  isotherms  appear  on  this  globe,  it 
is  easy  to  draw  inferences  as  to  the  temperature  of  various  sections. 
The  higher  the  altitude,  the  lower  the  temperature.  In  low  latitudes, 
especially  near  the  equator,  the  high  plateaus  are  the  most  fruitful  and 
support  the  higher  civilizations.  Ethiopia,  Equador,  and  southern  Mex¬ 
ico  are  excellent  examples.  In  high  latitudes,  however,  the  temperature 
of  the  high  lands  is  so  low,  especially  in  winter,  that  it  discourages  or 
prohibits  settlement.  1  he  Northern  Rocky  Mountains,  parts  of  the 
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Alps,  the  Caucasus,  the  Pamir  and  western  Mongolia  are  good 
examples. 

The  Great  Deeps.  These,  altho  not  important  to  man, 
are  interesting.  Some  of  them  seem  to  parallel  high  mountain  ranges; 
e.g.,  Krummel,  Richards  and  others,  just  west  of  the  Andes;  Sunda 
deep,  just  south  of  Java;  Tuscarora  deep,  east  of  Japan;  Aleutian 
deep,  just  south  of  the  Aleutian  Islands,  etc. 

Political  Boundaries  and  Names.  Only  important  country 
names  are  given  with  heavy  boundaries — both  in  red.  Boundaries  of 
states  and  smaller  countries  are  given  in  a  lighter  red  line,  but  these 
divisions  are  not  named.  Only  a  few  city  names  appear.  Physical 
names  are  given  prominence  and  only  approved  names  are  used. 

Fisheries.  Altho  the  ocean  covers  three-fourths  of  the  earth’s 
surface,  it  is  of  comparatively  little  value  to  mankind.  It  produces  fish 
that  are  used  for  food,  but  the  total  value  of  the  fish  is  relatively  small. 
The  value  of  the  fish  for  the  entire  world,  for  example,  is  less  than  the 
value  of  poultry  and  eggs  for  the  United  States  alone.  Even  the  tobacco 
crop  of  the  world  is  nearly  twice  as  important  from  a  dollars  and  cents 
standpoint  as  the  entire  fish  supply,  including  oysters,  pearls,  sponges 
and  other  items  that  are  classified  with  fish  products  such  as  seals, 
whales,  etc.  Nevertheless,  altho  relatively  unimportant,  the  fishing 
industry  is  very  important  in  certain  sections  of  the  world. 

From  New  York,  by  way  of  the  banks  of  Newfoundland,  and 
extending  up  into  Labrador,  fishing  is  an  extremely  important  occupa¬ 
tion.  In  Newfoundland  and  Labrador,  for  example,  fishing  is  by  all 
means  the  most  important  industry.  Nine-tenths  of  the  people  are  en¬ 
gaged  either  in  catching  or  taking  care  of  the  fish  and  eight-ninths  of  the 
total  exports  of  this  region  are  fish  or  fish  products.  The  greatest  fish¬ 
ing  grounds  of  the  whole  world  are  in  and  about  the  North  Sea.  This 
shallow  continental  shelf  is  clearly  indicated  on  the  globe.  Here  the 
fishermen  from  Norway,  Britain,  Holland  and  Denmark  are  constantly 
at  work,  often  in  storms  and  often  at  the  risk  of  their  lives,  getting  a 
living  out  of  the  sea.  A  third  large  area  important  for  fishing  is  in  the 
Yellow  Sea  and  particularly  the  East  China  Sea.  In  Japan  the  almost 
entire  absence  of  meat  animals  has  caused  them  to  get  much  of  their 
food  from  the  sea  in  the  form  of  fish. 


PROJECT-PROBLEM  GLOBE 

This  is  a  large,  all-metal  globe.  The  diameter  is  20  inches,  mak¬ 
ing  a  scale  of  400  miles  to  the  inch.  The  diameter  from  pole  to  pole 
is  a  little  less  than  20  inches,  so  that  the  true  shape  of  the  earth  may  be 
taught  as  explained  in  Exercise  VI  on  pages  66  to  68. 


Figure  45.  Project-Problem  Globe 


This  Project-Problem  globe  is  preferred  to  the  ordinary  slated 
globe,  because  in  addition  to  being  slated  it  has  the  continents  clearly 
shown.  I  he  oceans  are  colored  blue  and  the  continents  are  colored 
black.  A  line  in  deep  orange  traces  the  coastlines  in  a  generalized  form 
and  shows  the  locations  of  important  islands.  The  larger  lakes  and 
seas  are  also  colored  and  outlined. 

Hie  globe  is  so  constructed  that  it  can  be  used  on  a  table  or  hung 
from  the  wall.  A  screw  with  a  large  head  accompanies  the  globe. 
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This  screw  can  be  placed  on  the  molding  just  above  the  blackboard  or 
in  any  other  convenient  place  on  the  wall.  In  the  base  of  the  globe  is 
a  keyhole  opening,  so  arranged  that  the  larger  hole  just  permits  the 
head  of  the  screw  to  enter  and  the  narrower  slot  holds  the  globe  in 
position. 

The  Project-Problem  globe  has  a  movable  semi-meridian,  which 
permits  of  tipping  the  globe  at  any  angle,  and  makes  it  possible  to  have 
any  part  of  the  globe  face  the  class.  This  semi-meridian  is  made  in  two 
parts,  with  a  space  just  large  enough  to  admit  a  piece  of  crayon  between 
the  two  parts.  This  feature  adds  greatly  to  the  value  of  the  Project- 
Problem  globe  as  contrasted  with  any  of  the  other  large  slated  globes 
of  this  type  on  the  market,  which  have  only  a  single  semi-meridian. 

The  globe  has  marks  along  the  equator  indicating  each  of  the 
hour  circles.  Every  other  one  of  these  marks  is  numbered,  beginning 
with  0,  30,  60,  90,  etc.  None  of  the  meridians  are  drawn,  but  at 
the  point  where  the  1  80th  meridian  would  naturally  fall  there  are  marks 
indicating  every  ten  degrees  of  latitude,  with  numbers  for  all  multiples 
of  20.  The  location  of  the  two  tropics  and  of  the  Arctic  and  Antarctic 
circles  is  indicated  by  two  short  dashes. 

Cleaning  the  Globe.  The  blue  color  is  sprayed  onto  the 
globe  with  a  lacquer  which  is  not  soluble  in  water.  The  black  of  the 
continents  is  sprayed  on  over  the  blue  and  the  outline  is  put  on  by  hand. 
In  addition  to  this,  the  figures  and  marks  are  put  on  in  white.  After 
this  is  all  done,  the  whole  globe  is  again  lacquered  with  a  clear,  trans¬ 
parent  lacquer,  so  arranged  that  it  will  take  chalk  easily  and  erase 
easily. 

If  ordinary  soft  crayons  are  used,  the  marks  can  be  erased  easily. 
Colored  crayons  may  be  used,  and  can  be  erased  with  a  damp  cloth, 
or  better  still,  with  a  dry  piece  of  chamois  skin.  One  piece  of  chamois 
skin  accompanies  the  globe. 

Durability.  The  globe  is  made  of  thin  light  metal,  and  if  han¬ 
dled  carefully  will  last  a  very  long  time.  The  weight  is  kept  down  to 
a  minimum,  to  make  it  easy  to  handle  and  to  make  possible  hanging  it 
from  a  wall  without  danger.  However,  a  thin  piece  of  metal  such  as 
this  can  be  easily  dented  if  knocked  against  a  hard  surface.  While  it 
is  possible  to  take  out  dents  by  disassembling  the  globe  and  rubbing 
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from  the  inside,  this  is  likely  to  crack  off  the  lacquer  finish.  Care 
should  therefore  be  taken  in  the  use  of  this  metal  globe,  similar  to  the 
care  that  must  be  given  to  all  globes. 

Visibility  at  Class  Distance.  While  it  is  possible  to  teach 
most  of  the  subjects  enumerated  below  from  an  ordinary  political  or 
physical  globe,  it  is  difficult  to  teach  these  things  so  that  they  can  be 
seen  by  the  pupils,  especially  in  large  class-rooms.  The  particular  ad¬ 
vantage  of  the  Project-Problem  globe  is  its  size,  which  is  larger  than 
ordinary  political  or  physical  globes,  and  the  further  fact  that  one  sub¬ 
ject  may  be  put  onto  this  globe  at  a  time  and  all  superfluous  material 
may  be  erased  when  another  subject  is  introduced.  For  example,  when 
the  subject  of  latitude  and  longitude  is  taught,  only  parallels  and  merid¬ 
ians  will  appear  on  the  globe.  When  the  ordinary  zones  are  taught, 
the  parallels  and  meridians  will  be  erased  and  instead,  parallels  which 
limit  or  define  the  five  zones  will  appear.  If  it  is  desired  to  put  in  the 
so-called  heat  zones  as  contrasted  to  the  light  zones  already  referred  to, 
the  one  can  be  inserted  in  one  color  of  crayon  and  the  other  in  a  crayon 
of  another  color. 

Latitude  and  Longitude.  As  the  globe  is  made  in  two 
hemispheres,  the  line  separating  these  hemispheres  is  pretty  well  marked. 
This  line  can  be  emphasized  further  by  holding  a  piece  of  crayon  either 
between  the  two  meridians  or  at  one  side  and  then  rotating  the  globe. 
After  a  little  practice,  the  teacher  will  be  able  to  hold  this  crayon  in 
such  a  position  that  the  line  will  be  continuous  and  well  drawn.  The 
other  parallels  can  be  added  in  the  same  way,  and  it  will  be  easy  to 
bring  out  the  fact  that  these  are  called  parallels  because  they  are 
parallel  to  the  equator.  After  a  number  of  these  have  been  drawn,  the 
teacher  should  call  attention  to  the  fact  that  those  nearer  the  pole  are 
much  smaller  than  the  equator  and  that  the  equator  is  the  only  one  that 
divides  the  earth  into  two  equal  parts. 

In  order  to  insert  the  meridians,  the  crayon  should  be  held  between 
the  two  metal  semi-meridians  and  should  start  with  a  white  mark  indi¬ 
cating  longitude.  1  he  line  should  be  carried  up  to  the  north  pole  and 
down  to  the  south  pole.  Where  globes  of  a  similar  type  but  with  only 
one  semi-meridian  are  used,  it  is  difficult  to  get  the  meridian  lines  drawn 
directly  to  the  pole,  as  they  will  move  on  to  the  side  of  the  pole.  There- 
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fore,  the  teachers  should  use  care  to  have  the  line  between  the  two  semi¬ 
meridians  rather  than  to  the  side  of  either  one  of  them. 

At  this  point,  the  definitions  of  a  sphere,  a  great  circle,  a  small 
circle,  axis,  equator,  meridian  circle,  latitude,  longitude,  etc.,  as  defined 
on  page  56,  should  be  taught.  The  questions  appearing  on  page  57 
may  well  be  asked  at  this  time. 

ZONES.  The  globe  should  be  cleaned  by  erasing  all  lines  pre¬ 
viously  put  on.  The  axis  of  the  globe  should  be  inclined  at  an  angle  of 
661/2°  from  the  plane  of  the  table  or  floor.  This  can  be  done  by 
shifting  the  double  meridian  in  such  a  way  that  the  mark  representing 
the  Antarctic  circle  will  come  immediately  above  the  upright  part  of 
the  stand.  Set  the  globe  on  a  chair  or  on  a  low  table  in  such  a  way 
that  the  line  of  vision  from  the  class  will  fall  on  the  central  part  of  the 
globe.  Swing  the  globe  around  so  that  the  north  pole  is  inclined 
toward  the  class.  Ask  the  class  to  represent  the  sun.  Rotate  the  globe 
and  the  class  will  observe  that  they  can  see  beyond  the  north  pole  all 
day  long.  In  other  words,  the  region  around  the  north  pole  is  in  con¬ 
tinuous  sunlight  during  this  position ;  that  is,  when  the  north  pole  is 
inclined  toward  the  sun.  This  is  summer  in  the  Northern  Hemisphere. 

Now  draw  a  line  representing  the  Arctic  circle.  The  region  that 
can  see  the  sun  all  day  long  at  the  time  of  the  Summer  Solstice  is  known 
as  the  north  frigid  zone.  This  really  is  a  light  zone  rather  than  a  heat 
zone.  There  are  regions  within  this  zone  that  have  a  temperate  climate 
rather  than  a  cold  climate. 

Now  swing  the  globe  around  in  such  a  way  that  the  north  pole 
will  be  inclined  away  from  the  class.  The  class  will  observe  that  the 
region  around  the  south  pole  is  similar  to  that  which  they  previously 
discovered  around  the  north  pole.  Draw  the  line  representing  the 
Antarctic  circle.  The  region  that  can  see  the  sun  all  day  long  at  the 
time  of  the  Winter  Solstice  is  known  as  the  south  frigid  zone.  This 
also  is  a  light  zone  rather  than  a  temperature  zone,  altho  it  coincides 
quite  closely  to  the  south  cold  zone. 

Now  draw  the  lines  to  represent  the  tropic  of  Cancer  and  the 
tropic  of  Capricorn.  When  the  globe  is  inclined  toward  the  class,  the 
line  of  vision  from  the  class  to  the  globe  will  fall  directly  on  the  tropic 
of  Cancer  as  you  rotate  the  globe.  When  the  globe  is  turned  away 
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from  the  class,  the  line  of  vision  will  fall  on  the  tropic  of  Capricorn  as 
the  globe  is  rotated.  The  torrid  zone  may  be  defined  as  the  zone  where 
the  vertical  rays  of  the  sun  will  touch  at  some  time  during  the  year. 

The  temperate  zones  may  be  defined  as  those  regions  that  never 
receive  the  vertical  rays  of  the  sun  and  never  have  a  day  longer  than 
twenty- four  hours.  The  frigid  zones  may  be  defined  as  those  parts  of 
the  earth  that  may  be  in  darkness  for  twenty-four  hours  or  more  con¬ 
tinuously  or  may  be  within  the  zone  of  illumination  for  twenty-four  hours 
or  more  continuously. 

Draw  on  the  globe  lines  to  represent  the  annual  isotherms  of  68 
F.  and  of  50°  F.  for  the  warmest  month.  This  will  give  the  Tem¬ 
perature  Belts,  as  defined  by  Professor  Supan  and  as  generally  recog¬ 
nized  as  more  satisfactory  lines  for  temperature  belts  than  the  light 
zones  studied  above.  These  lines  appear  on  maps  found  in  most  school 
geographies  and  in  school  atlases.  It  is  well  at  this  point  to  study 
carefully  the  definitions,  directions  and  explanations  given  on  pages  78 
to  80  and  to  raise  the  questions  indicated  on  page  8 1 . 

Circle  of  Illumination.  Darken  the  room  by  pulling  down 
the  shades  on  all  except  one  window,  and  place  the  globe  so  that  it  will 
receive  the  light  from  this  window.  The  curtain  from  this  window 
should  be  drawn  down  to  approximately  the  top  of  the  globe.  1  urn 
the  globe  in  such  a  way  that  the  light  will  fall  from  pole  to  pole,  and 
draw  the  two  meridians,  the  one  opposite  the  other,  to  complete  the 
meridian  circle.  In  this  case  the  meridian  circle  will  coincide  with  the 
circle  of  illumination.  Bring  out  the  fact  that  the  circle  of  illumination 
is  always  a  great  circle.  Now  turn  the  globe  so  as  to  have  it  inclined 
toward  the  window  thru  which  the  light  is  coming.  Draw  a  circle  from 
the  top  of  the  globe  to  the  bottom ;  that  is,  from  the  Arctic  circle  on 
top  to  the  Antarctic  circle  below.  This  circle  will  be  the  circle  of 
illumination.  Rotate  the  globe  and  note  that  all  of  the  Northern 
Hemisphere  is  receiving  the  light  from  the  sun  more  than  half  the  time. 
In  other  words,  the  days  in  the  Northern  Hemisphere  are  longer  than 
the  nights,  and  the  nights  are  longer  than  the  days  in  the  Southern 
Hemisphere. 

Study  carefully  Exercise  XI  given  on  page  82.  It  may  be  help¬ 
ful  to  have  a  pupil  represent  the  sun.  Have  him  stand  at  the  front  of 
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the  room  and  have  the  globe  carried  around  this  pupil  in  such  a  way 
that  the  axis  will  be  inclined  to  the  floor  at  66J/20,  pointing  to  the 
north,  and  parallel  to  itself  in  all  parts  of  its  orbit.  The  pupil  should 
be  asked  to  turn  toward  the  globe  at  all  parts  of  its  journey  around 
him  and  should  describe  to  the  class  what  he  has  seen. 

All  of  the  lines  can  be  erased  again,  and  the  whole  exercise  may 
be  gone  over  with  the  assumption  that  the  axis  is  inclined  less  than 
66|/2°.  It  can  be  tried  for  60°  or  50°.  The  following  questions 
can  be  asked.  If  the  axis  of  the  earth  were  perpendicular  to  the  plane 
of  the  earth’s  orbit,  would  we  have  change  of  seasons?  If  the  axis 
of  the  earth  were  inclined  at  an  angle  of  45°  to  the  plane  of  its 
orbit,  would  we  have  change  of  seasons?  Would  summers  be  hotter 
and  winters  colder?  How  far  from  the  poles  could  you  have  a 
day  of  twenty- four  hours  under  such  conditions?  Would  they  have 
more  than  six  months  of  continuous  day  at  the  north  and  south 
poles? 

North  and  South.  It  is  somewhat  difficult  to  get  pupils  to 
understand  what  is  meant  by  north,  south,  east,  and  west,  but  with  the 
globe  this  is  quite  readily  accomplished.  Ask  a  pupil  to  imagine  him¬ 
self  standing  at  the  north  pole  and  to  point  in  the  direction  of  Hudson 
Bay.  What  direction  is  Hudson  Bay  from  the  north  pole?  Then  ask 
him  to  point  to  London.  What  direction  is  London  from  the  north 
pole?  Then  to  Bering  Strait  with  the  same  question.  He  will  then 
see  that  no  matter  in  which  direction  he  points  from  the  north  pole  he 
will  always  be  pointing  southward.  Now  try  out  the  same  exercise  for 
the  south  pole.  Draw  lines  in  each  case  to  indicate  the  direction  which 
is  given.  Compare  these  lines  with  meridians.  It  will  be  seen  that  they 
coincide  with  the  meridians.  The  definitions  for  north  and  south  should 
then  be  taught.  North  is  toward  the  north  pole  following  along  the 
line  of  a  meridian.  South  is  toward  the  south  pole  following  along  the 
line  of  a  meridian.  East  and  west  follow  lines  of  latitude  or  follow 
the  parallels.  Generally  pupils  think  about  the  top  of  the  map  as  being 
north.  This  must  be  corrected.  One  of  the  best  ways  to  correct  it  is 
to  utilize  a  map  of  the  polar  regions.  The  globe  can  be  used  in  this 
way  by  having  the  north  or  south  pole  pointed  toward  the  class  and 
the  lines  drawn,  or  a  crude  map  of  the  northern  polar  region  can  be 
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drawn  on  the  blackboard,  or  the  Denoyer-Geppert  map  of  the  world 
J9  or  S9a,  which  has  these  polar  inserts,  can  be  utilized. 

Draw  a  line  from  Chicago  to  the  south  pole.  Note  that  no  part 
of  this  touches  the  continent  of  South  America ;  in  other  words,  South 
America  lies  wholly  east  of  the  meridian  running  thru  Chicago.  Now 
draw  a  line  from  Cape  Farewell,  the  southern  point  of  Greenland, 
southward  and  notice  that  no  part  of  North  America  is  reached  by  this 
line  but  that  the  line  falls  a  little  east  of  the  mouth  of  the  Amazon. 

Study  of  the  Continents.  Let  us  now  study  the  continents 
and  see  if  we  can  pick  out  these  in  the  order  of  their  size.  Which  is 
largest?  Suppose  we  say  that  a  continent  is  a  large  mass  of  land  sep¬ 
arated  from  the  other  masses  of  land  by  bodies  of  water.  In  this  case 
Eurasia  would  all  be  one  continent  and  of  course  it  would  be  the  largest. 
Africa  would  come  next;  then  North  America,  South  America,  the 
Antarctic  continent  and  last  of  all  Australia.  However,  we  are  so  used 
to  thinking  of  Europe  as  a  continent  that  we  will  want  to  make  an 
exception  to  our  definition.  The  teacher  will  then  draw  on  the  globe 
the  line  approximately  separating  Europe  from  Asia.  We  will  now 
print  in  the  names  of  the  continents. 

Study  of  THE  Oceans.  Now  let  us  examine  the  oceans.  Let 
us  draw  a  line  from  Cape  Horn  to  the  southern  tip  of  New  Zealand 
and  then  across  to  the  southern  point  of  Tasmania;  then  from  the  south¬ 
western  part  of  Australia  to  Cape  of  Good  Hope,  and  from  here  to 
Cape  Horn.  Let  us  call  this  large  ocean  the  Southern  Ocean.  We 
have  been  used  to  thinking  of  the  Antarctic  Ocean  as  the  ocean  sur¬ 
rounding  the  Antarctic  continent.  Geographers  have  limited  the  Antarc¬ 
tic  Ocean  to  the  area  just  south  of  the  Antarctic  circle.  This  makes  a 
rather  small  ocean. 

Now  let  us  print  in  the  words  “Atlantic  Ocean,”  “Pacific  Ocean” 
and  “Indian  Ocean.”  Let  us  estimate  the  relative  size  of  these.  The 
pupils  might  as  well  appreciate  the  fact  that  not  all  subjects  in  geography 
are  settled  and  it  might  be  well  to  erase  the  lines  indicated  above  and 
try  to  work  out  another  system.  Suppose  we  wanted  to  eliminate  the 
Southern  Ocean  altogether  and  drew  a  line  straight  south  from  the 
Cape  of  Good  Hope,  another  line  south  from  Cape  Horn  until  it 
reached  the  islands  just  south  of  this,  another  line  from  1  asmania  south. 
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That  would  mean  that  the  Indian  Ocean  would  be  much  larger  than  we 
have  previously  defined  it;  the  Pacific  Ocean  would  be  much  larger 
and  the  Atlantic  Ocean  would  be  somewhat  larger.  This  would  elimi¬ 
nate  the  Antarctic  Ocean  or  the  Southern  Ocean.  The  question  of 
the  Southern  Ocean  is  still  one  over  which  geographers  differ  and  it  is 
easy  to  show  the  pupils  that  some  of  these  lines  are  merely  arbitrary 
lines. 

Great  Circle  Routes.  If  we  cut  a  globe  or  any  sphere  into 
two  equal  parts,  the  line  forming  the  cutting  will  be  a  great  circle.  It 
will  be  the  largest  circle  we  can  get  on  the  globe.  The  line  separating 
the  Northern  Hemisphere  from  the  Southern  Hemisphere  is  such  a  great 
circle.  It  is  called  the  equator.  Any  line  extending  from  pole  to  pole 
and  coming  around  on  the  other  side,  meeting  this  line,  would  be  a  great 
circle.  These  great  circles  are  called  meridian  circles.  A  half  of  a 
meridian  circle  is  called  a  meridian.  Sometimes  in  connection  with 
globes,  the  metal  piece  that  entirely  surrounds  the  globe  is  called  a 
meridian  and  half  of  this  is  called  a  semi-meridian,  but  strictly  speaking, 
a  meridian  is  only  that  half  of  a  meridian  circle  extending  from  pole 
to  pole. 

From  geometry  we  know  that  the  shortest  distance  between  two 
points  on  a  sphere  is  the  arc  of  a  great  circle  connecting  these  points. 
Any  two  points  on  the  globe  can  be  connected  by  the  arc  of  a  great 
circle.  Put  a  knot  in  a  string  about  two  or  three  inches  from  one  end. 
Put  the  knot  on  one  place  and  pull  the  string  taut  to  the  other  place. 
Draw  a  line  along  the  string.  Draw  such  a  line  from  New  York  City 
to  Paris.  Note  that  this  line  touches  southern  Ireland  and  passes  over 
England.  This  is  the  route  that  was  taken  by  Lindbergh  on  his  world- 
famous  trip  across  the  Atlantic.  Now  put  the  knot  of  your  string  at 
Tokio  and  stretch  it  until  it  reaches  Los  Angeles.  Note  that  the  string 
passes  over  San  Francisco.  This  is  the  route  that  was  taken  by  the 
Graf  Zeppelin  in  crossing  the  Pacific  Ocean.  Great  circle  routes  are 
much  used  in  modern  aviation. 

Note  that  a  great  circle  passing  from  Peiping  to  Chicago  would 
go  by  way  of  Bering  Strait.  It  was  at  one  time  proposed  to  run  a  rail¬ 
road  from  Chicago  to  Peiping  by  this  route.  Put  one  end  of  a  string 
at  Berlin  and  the  other  end  at  Chicago.  Notice  that  this  line  goes  near 
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to  Iceland,  Greenland  and  Labrador.  Certain  German  fliers  have  made 
this  route  twice  and  think  it  may  become  a  commercial  route  for  carry¬ 
ing  mail  from  Germany  to  Chicago.  Measure  off  this  distance  care¬ 
fully  with  a  string  and  find  how  many  inches  it  is.  Multiply  this  by 
400,  the  scale  of  miles  to  the  inch  on  this  globe.  Does  this  seem  like 
a  practical  problem? 

For  Work  IN  History.  Draw  on  the  globe  the  route  of  Marco 
Polo.  This  can  be  secured  from  Map  A1  in  the  Hart  American  His¬ 
tory  Series  or  almost  any  good  history  textbook.  Mark  on  the  globe 
with  the  flat  side  of  a  crayon  the  part  of  the  earth  that  was  known  to 
Europe  before  the  time  of  Marco  Polo.  Now  add  the  world  as  it  was 
known  at  the  time  of  Columbus.  This  can  be  done  by  simply  extend¬ 
ing  the  formerly  known  area.  Pupils  like  to  see  a  map  grow  before 
them.  After  this,  draw  a  line  representing  the  earth  as  known  in  the 
year  1  800,  and  finally  have  all  the  land  areas  shown  in  white  except 
the  small  parts  of  the  Antarctic  continent  that  are  still  unknown  or 
unexplored. 

Erase  all  that  has  been  put  on  the  globe,  starting  out  with  a 
clean  globe.  Draw  the  first  route  of  Columbus,  both  his  journey 
toward  America  and  his  return  in  a  higher  latitude.  Why  did  Columbus 
start  on  his  journey  by  first  going  southward?  Why  did  he  start  on 
his  return  by  first  going  northward?  Put  on  the  globe  Columbus’  third 
and  fourth  journeys  to  America. 

Now  put  on  the  globe  the  route  followed  by  Magellan  and  his 
survivors,  also  the  route  of  Vasco  Da  Gama.  These  can  then  be  erased 
and  the  routes  of  Drake  and  other  important  explorers  added.  Impor¬ 
tant  land  routes  can  also  be  added,  such  as  the  two  expeditions  of 
Captain  Pike  and  the  route  of  Lewis  and  Clark,  or  the  various  trails 
to  the  west  such  as  the  Oregon  trail,  the  Santa  be  trail,  etc.  In  Europe 
and  Asia  the  route  of  Bering  can  be  placed.  In  Africa  the  route  of 
Livingston  can  be  added. 

Polar  Explorations.  The  globe  should  be  tipped  in  such  a 
way  that  the  north  pole  is  toward  the  class.  The  routes  to  the  north 
pole  by  Peary,  Byrd,  Amundsen,  etc.,  can  be  inserted.  1  he  globe  can 
now  be  swung  around  so  that  the  south  pole  faces  the  class,  and  the  ex¬ 
plorations  of  Amundsen,  Scott,  Wilkins,  Byrd  and  others  can  be  added. 
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DISTANCES.  By  utilizing  a  piece  of  string  or  a  piece  of  tape 
marked  off  in  inches,  it  is  an  easy  matter  to  determine  the  distance  be¬ 
tween  ports  or  the  distance  covered  by  any  of  these  historical  routes,  or 
the  great  circle  distance  between  the  various  cities.  By  simply  mul¬ 
tiplying  the  number  of  inches  by  400  you  get  the  distance  in  miles. 

WlND  Belts.  By  putting  the  various  wind  belts  on  the  globe 
in  various  colors,  the  teacher  will  find  it  a  very  simple  matter  to  teach 
this  important  topic.  See  pages  100  to  103  for  a  full  explanation  of 
this  topic,  with  a  map  showing  just  where  the  wind  belts  are  to  go. 
The  zone  of  the  Sub-Tropical  Calms  is  shown  somewhat  too  wide  in 
the  map.  It  is  better  to  indicate  it  as  extending  from  the  tropics  to 
latitude  30. 

Ocean  Currents.  These  can  very  well  be  shown  on  the  globe 
by  copying  the  lines  as  indicated  on  a  political  or  physical  globe,  or  by 
reference  to  certain  maps.  It  is  best  to  indicate  these  currents  by  only 
a  few  lines,  and  to  have  the  globe  clear  of  all  other  material  when  this 
is  done. 


4-INCH  DESK  GLOBE 

PURPOSE.  The  purpose  of  this  globe  is  to  have  in  convenient 
form  a  globe  to  be  used  by  the  pupils.  It  is  not  intended  as  a  substi¬ 
tute  for  the  large  demonstration  globe,  but  rather  as  a  supplement  to  the 
larger  globe.  A  sufficient  quantity  should  be  on  hand,  so  that  a  globe 
can  be  passed  out  to  each  pupil,  or  at  least  one  for  two  pupils  seated 
beside  each  other. 


PIN  AT  END  OF 
SEMI-MERIDIAN 


Durability.  The  globe  is  made  of  metal  thruout.  Printed  on 
the  base  will  be  found  some  general  suggestions  for  use.  Globes  of 
cardboard  have  not  been  durably  made  and  the  wire  frequently  has 
come  thru  at  the  south  pole.  By  having  a  pin  end  attached  to  the  semi¬ 
meridian,  it  is  possible  to  rotate  the  globe  with  a  little  friction,  but  freely 
enough  for  use,  and  it  cannot  wear  out  at  this  point. 

The  globe  is  printed  on  metal,  which  is  then  stamped  into  the 
shape  of  two  hemispheres.  Because  of  the  unequal  stretching  of  metal, 
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it  is  impossible  to  get  absolute  accuracy  near  the  equator,  where  there 
sometimes  is  a  little  overlapping.  Wherever  this  occurs,  the  end  of  the 
black  line  forming  the  outline  constitutes  the  true  equator.  Aside  from 
this,  the  globe  is  as  accurate  as  a  large  demonstration  globe. 

The  semi-meridian  is  so  arranged  that  it  is  movable,  sliding  within 
a  clamp  at  the  bottom.  This  permits  of  working  out  many  problems 
which  cannot  be  worked  out  with  a  globe  that  has  no  meridian  or  that 
has  a  fixed  meridian. 

Effects  OF  Rotation.  Ask  the  pupils  to  imagine  themselves 
to  be  the  sun  and  the  globe  to  be  the  earth.  Have  them  rotate  the 
globe  on  its  axis  from  west  to  east,  i.e.,  from  left  to  right,  as  they  look 
at  the  globe.  It  is  best  to  have  the  axis  in  a  vertical  position  while  this 
is  done.  Have  the  pupils  rotate  the  globe  so  that  they  can  see  the 
British  Isles.  The  sun  is  now  shining  on  the  meridian  passing  thru 
London;  they  are  having  noon  along  this  meridian,  and  in  eastern 
United  States  the  sun  appears  in  the  east  and  there  they  are  having 
early  morning.  Western  United  States  cannot  see  the  sun.  Ask  the 
pupils  to  rotate  the  globe  to  the  east  slightly,  so  that  it  will  be  afternoon 
in  England  and  the  folks  living  in  western  United  States  will  just  begin 
to  see  the  sun  in  the  east. 

Most  of  the  material  found  in  Exercise  VIII,  beginning  on  page 
71,  will  be  found  useful  in  a  consideration  of  this  topic. 

Latitude  and  Longitude.  It  is  a  good  plan  to  have  these 
4-inch  metal  globes  on  the  pupils’  desks  when  a  subject  such  as  latitude 
and  longitude  is  demonstrated  by  means  of  the  Project-Problem  Globe, 
as  described  on  page  1  32  and  following.  The  class  should  observe 
first  the  demonstration  by  the  teacher  on  the  large  globe,  and  after  each 
line  is  inserted  they  should  be  asked  to  find  the  corresponding  line  on 
their  desk  globe. 

Spherical  Distances.  The  pupils  should  be  instructed  to 
orient  the  globe ;  that  is,  to  put  it  in  such  a  position  that  the  school  house 
will  be  on  top.  To  do  this,  find  the  latitude  of  your  place;  set  the 
movable  semi-meridian  so  that  the  corresponding  south  latitude  is  imme¬ 
diately  over  the  upright  wire.  Now  rotate  the  globe  so  that  the  meridian 
opposite  the  meridian  of  your  place  lies  just  above  the  metal  semi-merid¬ 
ian.  Have  the  semi-meridian  in  a  north  and  south  plane.  Your 
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school  house  or  city  will  now  be  on  top,  which  is  its  correct  position  for 
most  work  in  geography.  If  the  sun  happens  to  be  shining  on  the  pupils’ 
desks,  it  will  be  shining  on  these  globes,  when  properly  placed,  just  as  it 
is  shining  on  the  real  earth.  The  pupils  should  be  asked  to  point  thru 
the  earth  to  the  various  continents,  as  explained  on  pages  62  to  63. 

Study  of  Continents.  The  pupils  should  be  asked  to  make 
a  list  of  the  continents  in  the  order  of  size.  For  this  purpose  they  can 
include  Europe  with  Asia,  or  may  be  asked  to  make  another  list  separat¬ 
ing  Europe  from  Asia,  utilizing  the  political  boundary  as  shown,  fol¬ 
lowing  this  thru  the  Caspian  sea,  the  Black  sea,  to  the  Mediterranean. 

Using  the  United  States  as  a  measuring  base,  see  how  many  units 
can  be  found  on  the  globe  that  correspond  approximately  to  the  United 
States  in  size. 

Zones.  Set  the  globe  so  that  the  upright  wire  of  the  base  comes 
just  beneath  the  Antarctic  circle.  Hold  the  base  in  a  horizontal  posi¬ 
tion,  with  the  center  of  the  globe  at  the  level  of  the  eye  and  the  north 
pole  inclined  toward  you.  Imagine  yourself  to  be  the  sun.  Rotate  the 
globe  slowly.  The  area  that  has  continuous  day  as  you  are  rotating 
the  globe  is  the  north  frigid  zone.  The  area  that  cannot  be  seen  as  you 
rotate  the  globe  is  the  south  frigid  zone.  Keeping  the  semi-meridian 
in  the  same  plane  with  the  north  pole  to  the  north,  pass  the  globe  all  the 
way  around  you  as  you  turn  about,  and  observe  that  the  vertical  rays 
of  the  sun,  represented  by  the  line  of  vision  from  your  eye,  pass  from 
2V/i  north  latitude  to  23*/2°  south  latitude.  The  area  included  be¬ 
tween  the  two  lines  is  the  torrid  zone.  The  areas  which  never  receive 
the  vertical  rays  of  the  sun  and  never  have  continuous  darkness  or  con¬ 
tinuous  daylight  are  known  as  the  temperate  zones.  A  careful  study  of 
Exercise  X  on  page  78  will  be  helpful  in  getting  the  class  to  under¬ 
stand  the  conventional  or  light  zone. 

SEASONS.  Keep  the  globe  inclined  as  in  the  last  exercise,  and 
note  that  as  the  globe  is  swung  around  each  pupil  the  length  of  day  and 
night  changes  in  all  parts  except  at  the  equator,  which  always  has  equal 
days  and  nights.  1  he  parts  of  the  earth  receiving  the  light  and  heat 
from  the  sun  for  more  than  twelve  hours  in  the  day  are  enjoying  their 
summer  season,  while  those  parts  of  the  earth  which  are  in  darkness 
more  than  twelve  hours  a  day  are  having  their  winter  season. 


CELESTIAL  GLOBE 

By  Wm.  Markowitz,  Ph.D. 

INTRODUCTION 

A  few  years  ago  the  map  of  the  1  8-inch  celestial  globe  in  com¬ 
mon  use  went  out  of  print,  and  the  publishers  did  not  wish  to  leprint. 
The  1  2-inch  globe  which  was  still  available  was  built  on  the  old  plan 
of  showing  celestial  latitude  and  longitude,  a  system  that  long  ago  went 
out  of  use.  These  conditions  compelled  some  publisher  to  fill  the  gap 
with  an  uptodate  globe,  and  the  result  is  the  new  1  6-inch  Celestial. 

The  older  globe  had  a  dark  background  with  white  stars,  but  this 
tradition  has  been  discarded.  We  have  used  a  pale  blue  background 
with  black  stars,  which  stand  out  much  more  conspicuously.  We  have 
used  a  gray  for  the  old  mythological  figures,  but  offer  the  globe  also 
without  these  figures. 

There  had  been  some  disagreement  as  to  constellation  boundaries 
until  a  few  years  ago  when  the  International  Astronomical  Union 
adopted  definite  boundaries  that  are  always  parts  of  parallels  or  meridi¬ 
ans,  or  speaking  astronomically,  arcs  of  cncles  of  declination  oi  light 
ascension.  These  new  boundaries  are  used  here  for  the  first  time  on  a 
celestial  globe. 

The  constellation  names  are  printed  in  capitals  and  small  letters 
(as  Andromeda),  except  the  ones  forming  the  signs  of  the  zodiac  which 
are  in  capitals  (as  TAURUS).  All  naked-eye  stars  are  included. 
Fifty-six  of  the  most  important  stars  are  named  in  an  italic  type,  and 
other  important  ones  are  indicated  by  Greek  alphabet  letters.  Groups  of 
stars  such  as  the  Pleiades  are  shown  in  a  light  type.  Nebulae  and  star 
clusters  are  shown  with  a  white  background,  and  some  are  named.  Stars 
down  to  the  third  magnitude  are  shown  with  a  yellow  background.  A 
yellow  circle  shows  the  motion  of  the  pole  due  to  precession. 

The  HORIZON  PLATE  used  with  the  new  16-inch  Celestial  Globe 
is  similar  to  the  one  illustrated  on  page  27,  except  that  the  inner  circle 
shows  azimuth  from  the  south  point  and  the  second  circle  shows  azimuth 
from  the  north  point. 
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DEFINITIONS  AND  EXERCISES 

The  following  definitions  are  sequentially  arranged.  The  defini¬ 
tions  of  the  circle  and  the  sphere  found  on  pages  54  and  56  may  be 
reviewed. 

1.  The  CELESTIAL  SPHERE  is  an  imaginary  sphere  on  which  all 
the  stars  appear  to  be  fixed.  Its  center  is  always  at  the  eye  of  the 
observer,  and  its  radius  is  indefinitely  large.  Because  of  the  latter  two 
observers  viewing  the  same  object  on  the  celestial  sphere  will  look  along 
parallel  lines. 

2.  The  ASTRONOMICAL  ZENITH  is  the  intersection  of  the  celestial 
sphere  with  the  upward  extension  of  the  plumb-line.  The  ASTRONOMI¬ 
CAL  NADIR  is  the  point  opposite. 

3.  The  ASTRONOMICAL  HORIZON  is  the  great  circle  which  has 
the  zenith  and  the  nadir  as  its  poles. 

4.  A  VERTICAL  CIRCLE  is  any  great  circle  passing  thru  the  zenith 
(and  nadir) . 

5.  1  he  ALTITUDE  of  any  object  is  its  angular  distance  above  the 
horizon,  measured  along  a  vertical  circle. 

6.  The  earth’s  axis  extended  meets  the  celestial  sphere  in  the 
NORTH  and  the  SOUTH  CELESTIAL  POLES  respectively.  As  the  earth 
rotates,  all  the  stars  move  in  circles  about  these,  which  of  course  remain 
fixed. 

7.  The  MERIDIAN  (or  PRIME  VERTICAL)  is  the  vertical  circle 
passing  thru  the  north  (and  south)  celestial  pole. 

8.  The  meridian  intersects  the  horizon  in  the  NORTH  and  SOUTH 
POINTS.  The  one  nearest  the  north  pole  is  the  north  point.  The  east 
and  west  points  are  also  on  the  horizon,  and  midway  between. 

9.  The  AZIMUTH  of  any  object  is  the  angle,  measured  clockwise 
along  the  horizon,  from  the  south  point  to  the  vertical  circle  passing  thru 
the  object.  It  is  understood  that  in  this  and  other  similar  cases  one 
measures  to  that  half  circle  which  contains  the  object.  Azimuth  is  some¬ 
times  counted  from  the  north,  especially  by  surveyors  and  seamen. 

10.  I  he  CELESTIAL  EQUATOR  is  the  great  circle  which  has  the 
celestial  poles  as  its  poles.  It  is  therefore  the  intersection  of  a  plane 
thru  the  earth’s  equator  with  the  celestial  sphere. 
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1  1 .  An  HOUR  CIRCLE  is  any  circle  passing  thru  the  poles. 

12.  The  DECLINATION  (D)  of  any  object  is  its  angular  distance 
above  the  equator,  measured  along  the  hour  circle  passing  thru  it.  It 
corresponds  to  latitude  on  the  earth. 

1  3.  Observation  shows  that  the  apparent  path  of  the  sun  among 
the  stars  is  a  great  circle,  called  the  ECLIPTIC.  Therefore,  the  sun  and 
earth  move  about  each  other  in  a  plane,  called  the  PLANE  OF  THE 
ECLIPTIC.  (See  notes  1  and  2  on  page  144.) 

14.  The  places  where  the  ecliptic  intersects  the  equator,  i.e.,  points 
of  0°  declination,  are  called  the  EQUINOXES,  for  when  the  sun  is  at 
these  points  day  and  night  are  of  equal  length.  The  one  at  which  the 
declination  of  the  sun  is  increasing  daily  is  the  VERNAL  EQUINOX,  the 
other,  the  AUTUMNAL.  The  sun  arrives  at  the  first  around  March  21 
and  at  the  other  around  September  22. 

EXERCISE  1.  Trace  the  yearly  path  of  the  sun  on  a  celestial  or 
terrestrial  globe,  the  former  if  possible.  On  a  celestial  globe  the  position 
of  the  sun  for  a  given  day  shows  its  actual  position  among  the  stars, 
whereas  the  ecliptic  on  a  terrestrial  globe  is  useful  only  in  showing  the 
declination  of  the  sun.  The  location  of  the  ecliptic  bears  a  fixed  relation 
to  the  objects  of  the  celestial  sphere  but  not  to  the  terrestrial  sphere. 

15.  The  RIGHT  ASCENSION  (RA)  of  any  object  is  the  angle 
measured  eastward  along  the  equator  from  the  vernal  equinox  to  the 
hour  circle  of  the  object.  It  corresponds  to  longitude  on  the  earth. 

1  6.  It  is  customary  to  measure  right  ascension  by  a  unit  called  an 
HOUR.  By  definition  24  hours  equal  an  entire  circle.  Hence,  24h  = 
360°.  Or,  1h  =  15°.  Similarly,  we  define:  60  minutes  =  1  hour; 
60  seconds  =  1  minute.  Note  carefully  that  the  words  hour,  minute, 
and  second,  altho  the  same  as  those  used  to  measure  time,  when  used 
here  are  units  of  angle  measurement. 

Exercise  2.  Convert  from  one  system  of  units  to  the  other: 
(a)  3h,  6h,  1  2h,  25h, — 4h,  3m,  5m,  30m,  55m,  8s,  47s;  (b)  1h  30m, 
3h  48m,  24s,  4h  32m  39.63s;  (c)  90°,  —45',  24°42'36";  Ans.: 
(a)  45°  90°,  180°,  375°,  —60°,  45',  1°15',  7°30\  13°45\  2', 
11 '45". 

Exercise  3.  Trace  the  path  of  Jupiter  for  1936  and  1937. 
Note  that  the  path  lies  near  the  Ecliptic,  and  that  it  loops  back  on  itself 
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yearly.  The  positions  are  from  the  American  Ephemeris  and  Nautical 
Almanac. 


RA 

Jan.  1.  1936  16h  41m 

Apr.  II.  1936  17  36 

Aug.  12.  1936  16  53 


D 

—21°  35'  Jan.  1.  1937 

—22  43  May  15.  1937 

—22  10  Sept.  14,  1937 

Dec.  31,  1937 


RA  D 

18h  29m  —23°  12' 

19  58  —20  53 

19  16  —22  45 

20  19  —20  7 


T 

Figure  47.  The  horizon  system:  Z,  Zenith;  NESW,  Horizon;  P,  Pole; 

NPZS,  Meridian;  Z',  Nadir;  SA,  Azimuth;  AQ,  Altitude. 

18.  Altitude  and  azimuth  comprise  the  HORIZON  SYSTEM  of 
astronomical  coordinances.  Right  ascension  and  declination  comprise 
the  EQUATORIAL  SYSTEM.  In  astronomy,  however,  it  is  most  conve¬ 
nient  to  locate  an  object  by  means  of  declination  and  hour  angle.  (See 
also  note  3,  page  145.) 
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19.  The  HOUR  ANGLE  of  any  object  is  the  angle  measured  along 
the  equator  from  the  meridian  westward  to  the  hour  circle  of  the  object. 
Since  the  earth  turns  from  west  to  east  in  a  period  of  24  hours,  the 
celestial  sphere  apparently  moves  from  east  to  west  in  a  like  period. 
Hence,  altho  the  declination  of  an  object  remains  the  same,  its  hour 
angle  increases  by  an  angle  of  one  hour  for  each  hour  of  time  elapsed. 
The  reason  for  introducing  the  units  of  paragraph  23  should  now  be 
apparent. 

EXERCISE  4.  At  10:26  p.m.  on  a  certain  day  Sirius  is  on  the 
meridian.  What  is  its  hour  angle,  and  what  will  it  be  at  1  : 48  a.m.  the 
next  morning?  Ans.  :  Oh,  3h  22  m. 

EXERCISE  5.  What  is  the  hour  angle  of  the  sun  at  noon,  at 
midnight,  on  March  21  at  sunrise,  at  sunset?  Ans.  :  Oh,  1  2h,  1  8h,  6h. 

20.  The  plumb-line  if  extended  would  pass  thru  the  center  of  the 

earth. 

EXERCISE  6.  Show,  with  the  aid  of  a  diagram,  that  the  altitude 
of  the  north  celestial  pole  is  equal  to  the  latitude  of  the  observer.  The 
latitude  of  Chicago  is  42°.  What  is  the  altitude  of  the  pole?  Ans.  :  42°. 

21.  Since  the  pole  is  42°  from  the  horizon  in  Chicago,  it  follows 
that  all  stars  within  42°  of  the  pole  never  set.  Thus  all  stars  with  dec¬ 
linations  lying  between  48°  and  90°,  called  the  NORTHERN  CIRCUM¬ 
POLAR  STARS  (for  Chicago)  never  set.  Similarly,  the  southern  circum¬ 
polar  stars,  with  declinations  between  — 48°  and  — 90°,  never  appear 
above  the  horizon  in  Chicago. 

Exercise  7.  What  stars  never  rise  and  which  never  set  when 
.seen  from  (a)  the  North  terrestrial  pole,  (b)  a  point  on  the  Equator, 
(c)  Nome,  Lat.  64°  25',  (d)  Buenos  Aires,  Lat.  —  34°  35'? 

22.  A  TROPICAL  YEAR  is  the  interval  of  time  required  for  the 
sun  to  move  around  the  ecliptic  from  one  equinox  back  to  the  same 
equinox.  Our  system  of  having  leap  years  is  so  contrived  that  the  aver¬ 
age  length  of  the  year  is  very  nearly  equal  to  the  length  of  a  tropical 
year.  In  twelve  months,  then,  the  RA  of  the  sun  increases  by  24h,  or 
an  average  of  2h  a  month. 

Exercise  8.  On  May  21  what  is  the  right  ascension  of  the 
sun?  ANS.:  On  March  21  the  RA  is  Oh;  hence,  two  months  later  on 
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May  21  it  is  about  4h.  Check  this  by  finding  the  sun’s  position  on 
the  ecliptic  on  a  globe. 

23.  All  objects  on  the  meridian  at  a  given  instant  have  a  common 
right  ascension.  This  is  called  the  RIGHT  ASCENSION  OF  THE 
MERIDIAN. 

EXERCISE  9.  What  is  the  RA  of  the  meridian  at  9:30  p.m.  on 
May  2  1  ?  Ans.  :  By  definition,  noon  is  the  time  when  the  sun  is  on 
the  meridian.  The  right  ascension  of  the  meridian  at  noon  was  4h,  and 
9:30  p.m.  is  9J/2h  past  noon.  Rotating  the  entire  globe  to  the  west 
9j/2h  gives  us  13</2h  as  the  right  ascension  of  the  meridian  at  the  given 
time  and  day. 

EXERCISE  1 0.  What  stars  would  be  visible  in  Chicago  at  the 
above  time?  Ans.  :  Since  the  latitude  of  Chicago  is  42°,  elevate  the 
north  celestial  pole  so  that  it  is  42°  above  the  horizon  plate.  Bring  the 
hour  circle  whose  right  ascension  is  1  3  J/^h  to  the  meridian.  All  stars 
above  the  horizon  plate  are  visible.  Those  on  the  horizon  east  of  the 
meridian  are  rising.  All  those  on  the  other  half  are  setting.  Thus, 
Altair  is  rising  and  Procyon  is  setting. 

24.  Meridian  ALTITUDES.  In  Fig.  48,  the  equator  is  seen 
to  intersect  the  meridian  at  M.  The  arc  NMS  180°  and  PM  =  90°. 
Hence,  SM  is  the  complement  of  NP  which  is  equal  to  L,  the  latitude 
of  the  observer.  Therefore,  the  meridian  altitude  of  the  equator  equals 
90°  —  L.  Further,  let  Q'  be  a  star  on  the  meridian.  Its  altitude, 
SQ',  equals  SM-f-MQ'.  But  MQ'  is  its  declination.  Hence,  if  D  is  the 
declination  of  a  star  and  A  its  meridian  altitude:  A  =  D-|-90o — L. 

EXERCISE  1  1.  (a)  What  is  the  meridian  altitude  of  the  equator 

at  Chicago?  (b)  At  what  altitude  does  Arcturus,  D=19r40',  cross 
the  meridian?  (c)  Sirius,  D  =  — 16°36°.  ANS. :  (a)  48°.  (b) 

48°-f  1 9°40'=59°40'.  (c)  23°24'. 

Exercise  12.  At  a  given  station  Arcturus  is  seen  to  pass  thru 
the  zenith.  What  is  the  latitude  of  the  observer?  ANS. :  60°20\ 

25.  Precession  of  the  equinoxes.  Consider  the  spinning 
top:  gravity  tries  to  make  it  fall,  but  because  of  its  spin  its  axis  instead 
describes  a  slow  cone  of  rotation,  meanwhile  keeping  the  same  inclina¬ 
tion  to  the  floor.  Now,  the  earth  is  spinning  about  its  axis,  and  because 
of  centrifugal  force  it  has  an  equatorial  bulge  which  happens  to  be  in- 
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Figure  48.  The  EQUATOR  SYSTEM:  P,  Pole;  V,  Vernal  Equinox;  A,  Autumnal 
Equinox;  HQ,  Declination;  VH,  Right  Ascension;  MH,  Hour  Angle;  SM,  Merid¬ 
ian  Altitude  of  Equator;  SQ'.  Meridian  Altitude  of  the  star. 


dined  23  J /i°  to  the  ecliptic.  The  sun  and  moon,  acting  on  this  bulge, 
attempt  to  twist  it  into  the  plane  of  the  ecliptic.  Instead,  the  earth’s  axis 
describes  a  cone  of  rotation  in  a  period  of  26,000  years,  the  inclination 
between  it  and  the  ecliptic  always  remaining  at  66^/2°.  At  the  present 
time  the  earth’s  axis  points  very  nearly  to  Polaris,  and  will  do  so  again 
in  26,000  years.  In  14,000  A.D.  it  will  point  toward  Vega,  so  that 
the  brightest  star  in  the  northern  sky  will  be  the  pole  star. 

Since  the  position  of  the  equator  is  continually  changing,  it  follows 
that  so  also  are  the  equinoxes.  They  move  westward  almost  a  minute 
of  arc  per  year;  hence,  the  phenomenon  is  called  the  precession  of  the 
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equinoxes.  It  was  discovered  as  an  observational  fact  around  125  B.C. 
by  Hipparchus,  but  first  explained  by  Newton.  (Seepages  31  to  33.) 
Since  the  pole  and  the  equator  are  continually  changing  position,  it  fol¬ 
lows  that  the  right  ascensions  and  declinations  of  the  stars  are  also 
changing,  and  catalogs  or  charts  prepared  for  accurate  position  work 
must  be  referred  to  a  given  date.  The  changes  are  so  slow,  however, 
that  a  chart  or  globe  for  descriptive  use  should  do  for  a  few  hundred 
years. 

NOTES 

1 .  Altho  the  sun  is  so  bright  that  its  position  among  the  stars  can¬ 
not  be  seen  except  during  total  eclipses,  one  can  determine  its  coordi¬ 
nates  with  suitable  instruments,  and  then  show  that  its  annual  apparent 
path  is  a  great  circle  by  plotting  its  positions  on  a  globe  or  by  more 
precise  mathematical  methods.  The  ancient  Greek  geometers  knew  sev¬ 
eral  thousand  years  ago  that  the  apparent  path  of  the  sun  was  a  great 
circle. 

The  apparent  paths  of  the  planets,  as  seen  from  the  earth,  are  not 
great  circles.  They  are  very  complex,  and  one  of  the  most  puzzling 
problems  of  astronomy  was  the  determination  of  their  nature.  This 
problem  was  solved  by  Johannes  Kepler  (1571-1630),  and  is  one  of 
the  most  important  achievements  in  all  science  as  well  as  in  astronomy. 
Using  the  accurate  naked  eye  observations  of  his  master  Tycho  Brahe 
(  1  546-1  601  ),  he  showed  that  the  planets  move  about  the  sun  in  planes 
inclined  at  various  small  angles  to  the  plane  of  the  ecliptic;  that  the 
paths  are  ellipses;  and  he  discovered  the  laws  having  to  do  with  their 
periods  of  rotation.  Newton  (1643-1727),  using  the  findings  of 
Galileo  (1546-1642)  and  Kepler,  discovered  the  laws  of  mechanics, 
which  tell  how  a  body  will  move  when  subjected  to  given  forces;  and 
the  law  of  gravitation,  which  tells  what  the  forces  are  that  act  on  the 
celestial  bodies.  Kepler’s  laws  can  be  derived  from  Newton’s,  and  in 
fact  are  only  a  few  of  the  innumerable  theorems  of  celestial  mechanics 
that  follow  from  them. 

2.  A  solar  eclipse  can  take  place  only  when  the  sun  and  the  moon 
are  coincident  on  the  celestial  sphere,  and  a  lunar  eclipse  when  they  are 
diametrically  opposite.  Since  the  center  of  the  sun  is  always  somewhere 
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on  the  ecliptic,  it  follows  that  an  eclipse  of  the  sun  can  take  place  only 
if  the  moon  also  is  on  or  near  the  ecliptic.  Thus,  the  derivation  of  the 
word  ecliptic  from  eclipse.  (See  page  94.) 

3.  Two  coordinate  systems  having  special  applications  are  the 
ECLIPTIC  and  the  GALACTIC.  The  former  is  used  in  mathematical  dis¬ 
cussions  of  planetary  motions,  and  the  latter  in  statistical  surveys. 

In  the  ecliptic  system  the  fundamental  circle  is  the  ecliptic.  The 
LATITUDE  of  a  star  is  its  angular  distance  from  this  great  circle  to  the 
northern  pole  of  the  ecliptic.  The  LONGITUDE  is  the  angular  distance 
eastward  from  the  vernal  equinox  to  the  great  circle  passing  thru  the 
object  and  the  poles  of  the  galaxy. 

The  galactic  system  is  based  on  the  position  of  the  Milky  Way, 
but  this  being  indefinite  in  outline  the  pole  of  the  galactic  equator  is 
placed  definitely  at  D  28°,  RA  1 2h  40  m.  GALACTIC  LATITUDE 
is  the  distance  from  the  galactic  equator.  GALACTIC  LONGITUDE  is 
measured  eastward  from  the  intersection  of  the  galactic  equator  and  the 
celestial  equator. 

4.  The  moon  and  the  planets  are  not  always  on  the  ecliptic,  but 
do  lie  in  a  belt  of  stars  extending  about  8°  on  either  side.  Thousands 
of  years  ago  this  belt,  the  ZODIAC,  exercised  a  strong  mystical  influence 
on  persons  generally,  and  was  divided  into  twelve  SIGNS  or  constella¬ 
tions.  (See  page  106.)  The  sun  entered  a  new  one  each  month,  and 
one’s  future  life  was  supposed  to  be  determined  by  the  sign  in  which 
one  was  born  and  by  the  state  of  the  planets  at  the  time.  Today  as¬ 
trology  is  regarded  as  a  pseudo  science. 

The  zodiac,  however,  still  retains  a  certain  aesthetical  fascination 
for  the  astronomer,  and  an  interesting  point  may  be  mentioned.  Two 
thousand  years  ago  the  equinox  was  in  the  constellation  Aries,  the  equi¬ 
nox  was  called  The  First  Point  of  Aries,  and  when  the  sun  was  passing 
thru  the  vernal  equinox  it  was  said  to  “enter  the  sign  of  Aries.”  We 
still  say  that  the  sun  enters  the  sign  of  Aries  at  the  vernal  equinox  on 
March  2  1 ,  but  due  to  precession  it  does  not  enter  the  constellation  Aries 
until  about  a  month  later!  In  fact,  all  the  signs  of  the  zodiac  are 
displaced  from  the  corresponding  constellation  by  one. 

5.  Astronomical  causes  of  climatic  changes.  At  the 
present  time  the  earth  is  about  three  per  cent  nearer  to  the  sun  on  Jan- 
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uary  1  than  on  July  1  because  of  the  eccentricity  of  the  earth  s  orbit. 
The  extremes  between  summer  and  winter  are  therefore  moderated  to  a 
slight  extent  in  the  northern  hemisphere,  while  the  reverse  is  true  in  the 
southern.  Because  of  the  perturbative  influence  of  the  other  planets  and 
the  moon  on  the  earth,  this  situation  does  not  remain  constant,  and  the 
eccentricity  and  the  time  of  year  when  the  earth  is  nearest  the  sun 
changes  slowly.  The  eccentricity  is  diminishing  now  and  will  do  so 
for  24,000  years,  after  which  it  will  increase  for  40,000  years,  al- 
tho  it  will  never  become  so  large  that  the  yearly  variation  in  the 
distance  from  the  earth  to  the  sun  exceeds  fifteen  per  cent.  Ten  thou¬ 
sand  years  from  now  the  earth  will  be  nearest  the  sun  in  July,  so  that 
the  difference  between  summer  and  winter  will  then  be  slightly  greater 
in  the  northern  hemisphere  than  in  the  southern. 

Some  geologists  see  in  these  phenomena  the  explanation  of  the  ice 
ages  to  which  the  earth  has  been  subjected.  This  theory  is  based  on 
the  assumption  that  a  short  hot  summer  and  a  corresponding  long  cold 
winter  are  favorable  to  glaciation;  conditions  that  would  occur  when 
the  eccentricity  is  large.  Others,  however,  consider  that  the  changes  in 
the  eccentricity  are  too  small  to  account  for  the  glacial  phenomena,  and 
look  to  other  explanations  such  as  changes  in  the  constituency  of  the 
earth’s  atmosphere,  which  serves  as  a  blanket.  Unfortunately,  there  are 
too  many  unknown  factors  involved  in  determining  the  cause  of  the 
glacial  epochs  to  make  a  definite  answer  possible. 


TABLES  AND  FORMULAS 


AREAS  OF  THE  EARTH,  CONTINENTS,  AND  COUNTRIES 

IN  SQUARE  MILES 


Land  . 

Water  . 

North  America  . 

Alaska  . 

Canada  . 

Greenland  . 

Mexico  . 

United  States . 

South  America . 

Argentina  . 

Brazil  . 

Europe  . 

Union  of  Russian  Re¬ 
publics  . 


53,732,572  Asia  .  17,439,400 

143,239,412  Russia  in  Asia .  6,307,124 

9,411,500  Chinese  Republic  .  4,786,900 

590,900  China  Proper .  1,534,400 

3,694,863  Indian  Empire  .  1,805,300 

827,300  Australia  .  2,975,540 

767,200  Africa  .  11,172,200 

3,022,387  British  Sphere  of 

7,083,600  Influence .  3,837,000 

1,153,100  French  Sphere  of 

3,285,300  Influence .  3,863,900 

3,671,200  Italian  Sphere  of 

Influence  .  812,800 


1,756,647  Antarctic  Continent  ....  5,000,000 

REDUCTION  TABLE 


1  mch  . 2.54  centimeters 

I  foot  . 0.304800696  meter 

1  yard  . 0.91440183  meter 

1  mile  . 1.609347219  kilometers 

1  meter  . 3.280833333  feet 

1  meter  . 1.093611111  yards 

1  kilometer  . 0.6213699495  mile 

1  cm . 3937  inches 

1  statute  mile  . 8684  nautical  mile 

1  nautical  mile  . 1.1515  statute  mile 


Statute  mile  . . . 5,280.00  feet 

Nautical  mile,  (U.  S.  Coast  and  Geodetic  Survey) . 6,080.27  feet 

Nautical  mile  (British) . 6,080.00  feet 

German  sea  mile . 6,076.22  feet 

Russian  werst,  or  versta . 3,500.00  feet 

Kilometer  . 3,280.8  feet 

Meter  . • .  3.28  feet 

Fathom  . . . . .  6.00  feet 

Link  of  surveyor’s  chain .  0.66  feet 


REDUCTION  TABLE  (square) 


1  sq.  foot  . 092903  sq.  meter 

1  sq.  yard . 837225  sq.  meter 

1  s9-  mile  .  2.588881  sq.  kilometers 

1  sq.  meter  . 10.763648  sq.  feet 

1  sq.  meter  . . .  1.1 94649  sq.  yards 

1  sq.  kilometer  . 386013  sq.  mile 


Equatorial  semi-axis: 


in  feet . . . 20.926,062. 

™  meters .  6,378,206.4 

m  miles  .  3,963.307 
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Polar  semi-axis: 


in  feet  . 

in  meters  . 

in  miles  . 

(All  of  above  are  after  Clarke,  1866) 

Oblateness  of  earth  (Clarke  1 866)  . 

(Hayford  1925)  . 

(Harkness)  . 

Length  of  axis  (miles) . 

Circumference  of  equator  (in  miles) . 

Circumference  thru  poles  (in  miles) . 

Area  of  earth’s  surface,  square  miles . 

Volume  of  earth,  cubic  miles . 

Mean  density  (Harkness) . 

Surface  density  (Harkness) . 


20,855,121. 

6,356.583.8 

3,949.871 


1 : 294.98 
1  =297. 
1:300. 
7.900. 
24,901.96 
24,859.76 
196,971,984. 
259,944,035,515. 

5.576 

2.56 


1  0  of  Latitude  at  pole  =111.699.3  meters  =  69.407  miles 
1°  of  Latitude  at  equator  —  110,567.2  meters  =  68.704  miles 


LENGTH  OF  A  DEGREE  OF  LONGITUDE 


Degree 

Miles 

Degree 

Miles 

0° 

69.172 

50° 

44.552 

10° 

68.129 

60° 

34.674 

20° 

65.026 

70° 

23.729 

30° 

59.956 

80° 

12.051 

40° 

53.063 

90° 

0.0 

PLANETS 

Mean  Distance 

Diameter 

from  sun 

miles 

Period* 

Mercury  . 

.  36,000.000 

3030 

0.24 

....  67.200.000 

7700 

0.62 

93,003,000 

7917.6 

1.00 

....  141.500.000 

4230 

1.88 

Jupiter 

.  483.300.000 

86500 

1 1 .86 

.  886.000.000 

73000 

29.46 

.  .  .1.781,900,000 

31900 

84.02 

Neptune  . 
Pluto  .  .  .  . 

. 2,791.600.000 

34800 

164.78 

.  . .  .3.780.000.000 

8000 

250. 

Moon  .  .  .  . 

2163 

Distance  of  l!.s  earth  to  the  moon  (in  miles). 

866400 

238,840. 

*  Years  to  revolve  around  the  sun. 


Obliquity  of  the  ecliptic . 23°  IT  8.26  —  0.4757"  (T-1900) 

Sidereal  year . 365d.  6h.  9m.  8.97s.  or  365.25636d. 

Tropical  year . 365d.  5h.  48m.  45.51s.  or  365.242 1 9d. 

Sidereal  day . 23h.  56m.  4.09s.  of  mean  solar  time 
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COMPARISONS  OF  THERMOMETERS 


Thermometer 

Fahrenheit 

Reaumur 

Centigrade 


Freezing  Point 
32  degrees 
zero 
zero 


Boiling  Point 
212  degrees 
80  degrees 
100  degrees 


The  degrees  on  one  scale  are  reduced  to  their  equivalents  on  another  by  these 
formulas: 

Fahrenheit  to  Reaumur — subtract  32,  multiply  by  four-ninths. 

Fahrenheit  to  Centigrade — subtract  32,  multiply  by  five-ninths. 

Reaumur  to  Fahrenheit — multiply  by  nine-fourths,  add  32. 

Reaumur  to  Centigrade — multiply  by  five-fourths. 

Centigrade  to  Fahrenheit — multiply  by  nine-fifths,  add  32. 

Centigrade  to  Reaumur — multiply  by  four-fifths. 


CONVENIENT  FORMULAS 

7T  -  3.1416 

Circumference  of  a  circle  =  2  ttt 
Area  of  a  circle  =  ttt  2 
Volume  of  a  sphere  =  4/3  7 rr  3 
Area  of  surface  of  sphere  =  4  ttt  2 


SCALES  ON  GLOBES 

Using  the  scale  of  miles  to  the  inch  does  not  always  give  accurate  results, 
because  of  unequal  stretching  of  paper  to  fit  globe  balls  of  slightly  different  sizes. 

For  an  accurate  method  of  finding  air  distances  see  “4”  on  p.  62. 


Diameter 

Natural 

Scale 

Approximate 
Miles  to 

One  inch 

8 

1 :  62  500  000 

1000 

12 

1 :  42  000  000 

660 

16 

1:  31  600  000 

500 

18 

1 :  28  000  000 

436 

20 

1 :  25  000  000 

400 

THE  GLOBE  IN  THE  CHURCH  SCHOOL 


By  Rev.  A.  J.  R-  ScHUMAKER,  Director  of  Religious  Education,  Pittsburgh,  Pa. 

“Spealf  to  the  Earth,  and  it  shall  teach  thee.  Job  12:8 

Consider  first  of  all  the  immense  satisfaction  in  having  it  there. 

No  other  object  approaches  the  globe  in  its  suggestiveness.  On  the 

one  hand,  its  presence  confers  a  veritable  sense  of  security,  well-being, 
and  consequent  pleasure.  The  concrete  evidence  that  the  whole  earth, 
as  it  is,  has  been  mapped,  and  leashed  within  continuous  meridians  and 
parallels,  gives  rise  to  a  feeling  of  mastery.  On  the  other  hand,  the 
planet’s  infinite  variety  in  climatic  conditions,  in  scenery,  in  plants, 
products  and  inhabitants,  evokes  a  deep  sense  of  mystery. 

The  contemplation  of  the  globe  yields  the  conviction  that  the 

earth  is  alive.  Its  ceaseless  rotation  is  due  not  merely  to  the  momen¬ 
tum  of  its  mass,  but  to  momentum  appropriated  to  vital  ends.  The 

current  of  its  rivers  is  as  much  vital  action  as  the  flow  of  blood  in  the 

human  arteries.  The  continents  are  interpenetrated  with  living  rivu¬ 
lets  as  is  the  flesh  with  capillaries. 

From  whatever  angle  it  is  viewed  the  globe  is  endlessly  fascinat¬ 
ing.  If  you  are  sceptical,  remember  that  you  can  understand  the 
pleasures  of  the  globe-lover  only  by  becoming  one. 

The  globe  is  the  only  correct  map  of  the  world,  but  it  is  more. 
It  is  the  only  means  of  representing  the  earth  in  its  unity  and  totality. 

Or  turn  it  the  other  way:  Represent  the  earth  in  its  unity  and  totality, 

and  you  will  have  a  globe.  It  is  thus  a  piece  of  educational  equip¬ 
ment  which  can  never  become  obsolete,  and  is  therefore  destined  to 
be  a  joy  forever.  It  may  wear  out  from  devoted  use,  its  political  boun¬ 
daries  may  need  to  be  revised,  it  may  even  have  to  record  natural 
features  altered  by  the  hand  of  man,  but  it  will  always  be  replaced 
by  another  globe.  As  long  as  we  live  upon  the  earth,  its  representa¬ 
tion  in  the  form  of  a  globe  will  meet  a  strong  necessity  equally  of  the 
mind,  and  of  the  heart. 

The  globe  in  the  school  is  thus  essential  to  intellectual  integrity. 
The  greatest  of  all  educators,  Komensky  ( 1  592-1671  )  always  worked 
with  a  globe  on  his  desk,  and  to  do  otherwise  is  to  be  three  hundred 
years  behind  the  times.  Orville  Taylor,  writing  in  1834,  stated  that 
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not  one  American  school  in  a  thousand  had  a  globe.  Probably  even 
a  smaller  proportion  of  Church  Schools  are  supplied  at  the  present 
time.  Yet  it  must  be  said  that  a  school  without  a  globe  is  not  a  school. 
This  is  true  of  all  kinds  of  schools  from  the  kindergarten  to  the  uni¬ 
versity,  but  it  is  true  par  excellence  of  the  Church  School,  which  is 
avowedly  concerned  with  the  whole  world  as  the  creation  of  God 
and  the  broad  field  of  Christian  service. 

Bible  geography  is  much  more  than  the  geography  of  Bible  lands. 
The  biblical  writers  manifestly  loved  the  earth,  and  thought  even  of 
the  unknown  lands  beyond  the  sea,  Isaiah  42:12.  The  obvious  nat¬ 
ural  features  of  the  earth’s  surface  have  a  fresh  interest  for  us  after 
we  see  how  they  engaged  the  thought  of  lawgiver,  psalmist  and  prophet. 
“He  sendeth  forth  springs  into  the  valleys;  they  run  among  the  moun¬ 
tains.”  “Yonder  is  the  sea,  great  and  wide.  .  .  .There  go  the  ships.” 
Ps.  104:10,  25,  26.  Such  passages  exist  in  profusion.  The  attitude 
of  the  Master  has  been  well  developed  by  Glover  in  his  “Jesus  of 
History.” 

It  is  the  usual  thing  to  find  a  map  of  Palestine  in  the  Church 
School,  which  is  well ;  but  why  not  also  a  map  of  the  world,  that  is, 
a  globe. 

One  of  the  readiest  and  most  practical  means  of  beginning  its  use 
is  to  associate  selected  Bible  verses  with  the  globe  as  a  whole,  and 
with  its  various  features.  This  is  an  excellent  project  for  the  Junior 
grade.  The  pupils  themselves  will  bring  in  an  abundance  of  verses, 
beginning  with  Genesis  1:1,  and  including  John  3:16.  They  will 
also  find  a  fresh  enjoyment  in  these  texts  which  they  never  knew  before. 

Globe  mastery  and  Bible  mastery  should  proceed  hand  in  hand, 
and  both  should  be  thoro  and  honest.  A  new  line  of  endeavor  calls 
for  a  large  amount  of  study.  The  selection  and  arrangement  of  ma¬ 
terial  must  be  patiently  wrought  out.  It  is  by  no  means  the  object 
of  this  brief  paper  to  give  specific  directions  for  the  use  of  the  globe 
in  the  Church  School,  but  to  demonstrate  its  necessity,  and  to  suggest 
its  possibilities.  It  should  never  be  forgotten  that  all  good  teaching  is 
original. 

The  use  of  the  globe  in  teaching  stewardship,  missions,  world 
peace,  and  brotherhood  will  come  in  natural  sequence,  and  calls  for 
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no  special  directions  here.  It  might  be  well  at  times  to  surmount  the 
globe  (in  the  vertical  position)  with  a  cross,  of  suitable  proportions,  to 
symbolize  world  conquest.  A  caution  should  be  given  against  putting 
tacks  or  stickers  on  the  globe.  The  facts  should  be  so  thoroly  learned 
as  to  make  these  aids  superfluous.  Inexpensive  outline  wall  maps  may 
be  used  to  this  end. 

Only  a  final  word  is  needed  as  to  the  form  of  globe  most  suit¬ 
able  for  the  Church  School.  A  very  little  thought  will  show  you  that 
it  should  be  upon  a  stand  of  its  own  with  extension  rod,  that  it  should 
be  entirely  unencumbered  with  forks,  horizons  or  meridians,  and  that 
it  should  be  mountable  in  the  vertical  as  well  as  in  the  inclined  posi¬ 
tion.  All  these  conditions  are  met  in  the  high  stand  plain  globes,  made 
by  Denoyer-Geppert  Company  and  they  are  the  only  globes  that  meet 
all  these  requirements.  Indeed  this  globe  was  first  produced  by  this 
company  at  the  request  of  the  present  writer  for  Church  School  use,  and 
is  steadily  gaining  recognition  in  this  field. 


•4I 


On  disc 
base 


I  ligh  Stand  Plain  Globes 


LIST  OF  ILLUSTRATIONS 


Fig.  Page' 

1.  Cardboard  disks . . . 21 

2.  How  two  hemispheres  are  joined . 22 

3.  Gores  of  a  globe . 24 

4.  Plain  stand  and  with  movable  meridian . 25 

5.  To  illustrate  both  sides  of  the  movable  meridian . 26 

6.  Section  of  horizon  plate;  16-;n.  globe . 27 

7.  Globe  with  horizon . 28 

8.  Mitchell  Pendent  globe  in  position . 29 

8a.  Dust  protection  globe  cover . 30 

9.  The  Ptolomaic  system . 32 

10.  Globe  of  Crates  of  Mallus . 34 

11.  The  Behaim  globe . 35 

12.  Schoner’s  globe . 36 

13.  Illustrating  the  meaning  of  the  word  projection . 38 

14.  Orthographic  projection . 39 

15.  Stereographic  projection . 40 

16.  Globular  projection . 41 

17.  Gnomonic  projection . 42 

18.  Showing  position  of  light  in  the  construction  of  Stereographic,  Ortho¬ 

graphic  and  Gnomonic  projections . 42 

39.  Mercator’s  projection . 43 

20.  Gall's  projection . 44 

21.  Mollweide’s  projection . 45 

22.  Denoyer’s  semi-elliptical  projection . .  .  46 

23.  Van  der  Grinten’s  projection . 47 


153 


154 


CARTOCRAFT  GLOBES 


LIST  OF  ILLUSTRATIONS  (cont.) 

Fig. 

24.  World  in  hemispheres . 

25.  Goode’s  homolosine  projection . 

26.  Diagram  illustrating  simple  conic  projection  .... 

27.  Pointing  thru  the  earth . 

28.  To  show  flattening  of  the  earth . 

29.  Denoyer  time  dial . 

30.  To  show  why  vertical  rays  are  most  effective  .... 

31.  To  show  why  vertical  rays  are  most  effective  .... 

32.  Zones . 

33.  Seasons . 

34.  Phases  of  the  moon . 

35.  Lunar  eclipse . 

36.  Solar  eclipse . .  . 

37.  Path  of  Solar  eclipse  of  July,  1878  . 

38.  Moon’s  path  relative  to  the  earth . 

39.  Planetary  winds . 

40.  United  States  showing  standard  time  belts . 

40a.  World  showing  standard  time  belts  in  use . 

41.  Kepler’s  second  law . 

42—4.  Equation  of  time . 

45.  Project-problem  globe . 

46.  Four-inch  desk  globe . 

47.  The  horizon  system . 

48.  The  equator  system . 

49.  High  Stand  Plain  globes . 


Page 

48 

49 

50 
64 
66 
72 

78 

79 

80 
84 
92 

94 

95 

96 

97 
101 
108 

109 

110 
112 
124 
134 
140 
143 
152 


SUBJECT  INDEX 


Agonic  lines,  114 
Altitude,  56,  138,  140 
Amplitude,  27 
Analemma,  87 
Anaximander,  32 
Angle,  54 

Antarctic  circle,  80 
Anti-cyclone,  102 
Antipodes,  62 
Apogee,  99 
Aquarius,  106 
Arc,  54 

Archimedes,  33 
Arctic  circle,  79 

Areas,  size  and  comparison,  13,  51 
Aries,  106,  126 
Aristarchus,  32 
Astronomical  horizon,  138 
Astronomical  nadir,  138 
Astronomical  zenith,  138 
Autumnal  equinox,  139 
Axis,  56 

Azimuth,  27,  114,  138,  140 

Bearing,  of  a  place,  58 
Behaim  globe,  34-5 
Boulenger,  35 
British  Isles,  17 

Cancer,  106 
Cancer,  tropic  of,  79 
Capricornus,  106 
Capricorn,  tropic  of,  79 
Celestial  equator,  139 
Celestial  globes,  137-146 
Celestial  poles,  138 
Celestial  sphere,  138 
Central  angle,  54 
Centrifugal  force,  97 
Chaldeans,  31 
Chinese,  31 
Chord,  54 
Circle,  54 
Climate,  16 
Columbus,  34,  114 
Concentric  circles,  54 
Constellation  boundaries,  137 
Conic  projection,  50 
Continent,  12 
Continental  shelf,  121 
Convection  currents,  104 


Copemican  system,  32-3 
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Crescent  moon,  91 
Cyclones,  102 
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Daylight  saving  time,  108 
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Degree,  54 

Demarcation,  line  of,  114 
Denoyer  time  dial,  72 
Denoyer’s  projection,  46 
Diameter,  54 
Differential  attraction,  98 
Direction,  comparative,  52;  how 
indicated,  58 

Distance,  comparative,  52 
Doldrum  belt,  100 
Durer,  Albrecht,  35 

Earthquakes,  122 

Earth’s  orbit,  changing  ellipticity  of, 

146 

Earth’s  shadow,  94 
Earth  shine,  91 
East,  direction  of,  58,  138 
Eclipse,  94-6,  144 
Ecliptic,  82.  139,  145 
Ecliptic,  poles  of,  145 
Epi-continental  sea,  121 
Equation  of  time,  87,  110 
Equator,  56 

Equatorial  diameter,  66 
Equatorial  system,  140,  143 
Equinox,  85,  139,  143 
Eratosthenes,  32 
Eudoxus,  33 
Eurasia,  12 

Formulas,  147-9 
Foucault,  117 
Full  moon,  91 

Galactic  system,  145 
Gall’s  projection,  45 
Gemini,  106 

Glacial  periods,  cause  of,  145-6 
Glareanus,  36 
Globe,  care  of,  24-5 
Globe  vs.  map,  52 
Globe  stands,  25 
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Globular  projection,  40,  69 
Gnomonic  projection,  41 
Goode’s  homolosine  projection,  49 
Gravitation,  law  of,  97 
Great  circles,  56 
Greenwich  meridian,  15 
Gores  of  globe,  23-4 
Gulf  Stream,  105 

Hanging  globes,  Mitchell  pendent,  28 
Heat  Equator,  100 
Hipparchus,  33 

Home  geography,  importance  of,  9, 
20 

Horizon,  56,  138 
Horizon  Plate,  56-7,  137 
Horizon  system,  140 
Horse  Latitude  Belts,  100 
Hour  angle,  141,  143 
Hour  circle,  56,  139 

Illumination,  circle  of,  82 
Inertia,  97 
Inscribed  angle,  54 
International  date  line,  72 
Interrupted  world  projections,  49 
Isogonic  lines,  114 
Isotherm,  75 

Julius  Caesar,  99 

Kepler,  33,  110,  144 

Latitude,  56,  60 
Latitude  of  a  star,  145 
Leo,  106 
Libra,  106 
Lithosphere,  98 
Local  time,  107 
Longitude,  56,  60 
Longitude,  degree  of,  148 
Longitude  of  a  star,  145 
Lunar  eclipse,  94,  144 

Magnetic  declination,  114 
Maps,  construction  of,  23 
Maps,  in  conjunction  with  globes, 
13 

Maps,  limits  of,  37-8 
Marco  Polo,  34 
Mean  solar  time,  71 
Mercator’s  globe,  35 


Mercator’s  projection,  44,  69 
Meridian,  56,  138,  140,  142,  143 
Meridian  circle,  56 
Modified  conic  projection,  51 
Mollweide’s  projection,  45 
Molyneux,  36 
Monsoon,  105 
Moon,  91 

Mountings,  styles  of  globe,  25 
Moon’s  distance,  94 

Nadir,  138,  140 

Neap  tides,  99 

New  moon,  91 

Newton,  33,  144 

North,  direction  of,  56-8,  138 

North  frigid  zone,  79 

North  magnetic  pole,  114 

North  star,  57 

North  temperate  zone,  80 

Ocean  currents,  104-5 
Orienting  the  globe,  63 
Orthographic  projection,  38 

Parallel,  56 
Partial  eclipse,  95 
Pendulum,  116-7 
Penumbra,,  94 
Perihelion,  99,  111 
Phoenicians,  33 
Physical  globes,  uses,  120-1 
Pisces,  106 
Planetary  winds,  100 
Planets,  148 
Polar  diameter,  66 
Polar  projection,  69 
Polo,  Marco,  34 

Precession  of  the  equinoxes,  142,  143 
Prevailing  westerlies,  100 
Prime  vertical,  138 
Projection,  38,  69 
Ptolemaic  system,  32-3 
Pythagoras,  32-3 

Quadrangle,  69 
Quadrature,  91 

Radius,  54 

Reduction  table,  147 

Rhumb  line,  44 

Right  ascension,  139,  140,  143 
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Sagittarus,  106 

Schoner’s  globe,  35-6 

Scorpio,  106 

Sidereal  time,  10S 

Slated  globe,  uses,  118 

Small  circle,  56 

Solar  eclipse,  95,  144 

Spring  tides,  99 

Solar  time,  71 

South,  32,  138 

South  frigid  zone,  80 

South  magnetic  pole,  114 

South  temperate  zone,  80 

Southern  ocean,  (Antarctic),  12 

Specifications,  8-12-inch  globes,  27-8 

Sphere,  56,  116 

Spheroid,  116 

Standard  time,  71,  107 

Stereographic  projection,  39 

Strabo,  33 

Sundial  time,  107 

Sun’s  rays,  78 

Taurus,  106,  137 

Thermometers,  comparison  of,  149 
Time,  difference  in,  110-1 
Temperature  range,  76 
Temperature,  mean,  75 
Terrestrial  globe,  35 


Thales  of  Miletus,  31 
Torrid  zone,  79 

Trade  winds,  southeast;  northeast, 

100 

Total  eclipse,  94-6 
Tropical  year,  141 
Tropic  of  Cancer,  79 
Tropic  of  Capricorn,  79 
True  geographical  pole,  114 
Twenty-four  hour  clock,  109 

Umbra,  94 

Van  der  Grinten’s  projection,  47 

Venerable  Bede,  34 

Vernal  equinox,  139 

Vertex,  54 

Vertical  circle,  138 

Virgo,  106 

Volcanoes,  122 

Waldsee-Muller,  35 
West,  58,  138 

World  in  Hemispheres,  48 
World  maps,  42 

Zenith,  56,  138,  140 
Zodiac,  106,  145 
Zone  of  darkness,  91 


DIRECTIONS  FOR  SUSPENDING  THE 
PENDENT  GLOBE 

1 .  Directly  over  the  place  where  the  globe  is  to  be  used,  place 
the  two  screw  hooks  about  two  feet  apart.  These  hooks  must  be 
placed  in  a  line  at  right  angles  with  the  direction  the  cord  is  to  be 
run  along  the  ceiling. 

2.  Great  care  should  be  taken  to  see  that  the  open  side  of  the 
hooks  are  turned  away  from  the  weight  pulley. 

3.  Place  the  screw  pulley  about  three  inches  from  the  side  wall 
or  corner,  the  pulley  wheel  being  at  right  angles  with  the  line  of  screw 
hooks  already  placed. 

4.  Hang  the  pulleys  which  are  attached  to  the  ropes  on  the 
screw  hooks,  and  then  attach  the  weight  rope  to  the  loop  in  the  end 
of  the  rope  which  sustains  the  globe. 

5.  Pass  the  weight  rope  thru  the  pulley  at  the  side  wall  and 
draw  it  thru  until  the  lower  knots  on  the  two  ropes  that  sustain  the 
globe  come  up  tight  against  the  two  pulleys  attached  to  the  screw 
hooks. 

6.  Attach  the  weight  five  feet  below  the  pulley  near  the  side 

wall. 

7.  When  this  is  done  attach  the  globe  to  the  ropes  by  means 
of  the  hooks  on  the  ends  of  the  ropes  and  the  extending  arm  which 
is  attached  to  the  globe  by  means  of  the  swivel. 

8.  The  knots  may  have  to  be  adjusted  to  give  the  globe  just 
the  right  height. 

9.  Great  care  should  be  taken  to  get  the  globe  adjusted  cor¬ 
rectly  in  the  beginning.  A  little  care  in  hanging  will  save  much 
trouble.  Be  sure  that  the  open  side  of  the  hooks  is  turned  directly 
away  from  the  pulley  near  the  side  wall. 

See  illustration  on  page  29. 
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Abbreviations:  arch. — Archipelago;  b. — Bay;  c. — Cape;  g. — Gulf;  i.,  is. — Island, 
Islands;  1. — Lake;  mt.,  mts. — Mountain,  Mountains;  p. — Pass;  pen. — Peninsula;  pi. — 
Plateau;  pt. — Point;  r. — River;  sd. — Sound;  str. — Strait. 

Location  is  shown  by  latitude  and  longitude  to  the  nearest  degree.  N. — north;  S. — 
south;  E. — east;  W. — west. 

Acknowledgment.  The  diacritical  marks  and  respelling  for  pronunciation  used  in 
this  index  are  reprinted  by  permission  of  the  publishers  of  Webster’s  New  International 
Dictionary,  Second  Edition,  Copyright,  1934,  by  G.  &  C.  Merriam  Company. 

Key  to  pronunciation,  ale,  ch&otic,  c&re,  Add,  account,  arm,  ask,  sofa,  eve,  Avent, 
8nd,  silent,  maker,  Ice,  Ill,  charity,  old,  6bey,  orb,  odd,  connect,  food,  foot,  out,  oil,  cube, 
6nit,  urn,  bp,  circAs,  menu,  nature  k  =ch  in  German  ich,  boN;  zh  =  z  in  azure. 

All  names  without  asterisk  (*)  are  found  on  the  political  globes;  most  of  them  appear 
also  on  the  physical-political  globes.  ‘Indicates  names  shown  on  physical-political  globes 
only. 


*Abai,l.  (a-bl')t  6N.  38E. 

Abeokuta  (a'bg-o'kdo-ta)  7N.  3E. 

Abercorn  (ab'er-korn)  9S.  3 IE. 

Aberdeen  (ab'er-den')  57N.  2W. 

Abeshr  (a-bgsh'r)  14N.  21E. 

Abo  (o'bob)  60N.  22E. 

Abu  Hamed  (a'boo  ha'mgd)  20S.  33E. 
Abyssinia,  pi.  (Ab'I-sin'I-d)  11N.  39E. 
Aconcagua,  mt.  (a'k6n-ka'gwa)  33S.  70W. 
"Adamawa  Highlands  (a'da-ma'wa)  8N. 
12E. 

Adana  (a'da-na)  37N.  35E. 

Addis  Ababa  (ad'Is  a'ba-ba)  9N.  39E. 
Adelaide  (Ad'<S-lad)  35S.  139E. 

Adelie  Land  (a'dA'le')  66S.  143E. 

Aden  (a'd&n)  13N.  45E. 

Aden,  g.  12N.  45E. 

Adriatic  Sea  (a'drl-AtTk)  43N.  15E. 

Adua  (a'doo-wa)  14N.  39E. 

Aegean  Sea  (A-je'dn)  38N.  26E. 
Afghanistan  (Af-gAn'I-stAn')  33N.  65E. 
Agades  (a'gd-d8z)  17N.  8E. 

Agra  (a'gra)  27N.  78E. 

Agulhas,  c.  (a-gool'yas)  35S.  20E. 
*Ahaggar,  pi.  (a-hag'dr)  23N.  6E. 
Ahmadabad  (a'mud-A-bad')  23N.  73E. 
Ajaccio  (A-yat'ch6)  42N.  9E. 

Akkra  (iikTd)  6N.  0. 

Akmolinsk  (ak'm6-ly£nsk')  52N.  72E. 
Alabama  (Al'd-bAm'd)  33N.  86W. 

Alaska  (d-lAs'ka)  64 N.  150 W. 

Alaska,  g.  58N.  142W. 

Alaska,  pen.  57N.  157W. 

Alaska,  mt.  62N.  150W. 

Albania  (Al-ba'nI-d)  42N.  20E. 

Albany  (ol'bd-nl)  43N.  74W. 

Albany  35S.  118E. 

‘Albany,  r.  51N.  85W. 

‘Albert  Edward,  mt.  (Al'bert  gd'werd)  18S. 
128E. 

Albert,  1.  (Al'bgrt)  2N.  29E. 


Alberta  (Al-bur'td)  55N.  115W. 

Albertville  (al'bar'vel')  6S.  29E. 
Albuquerque  (Al'bu-kiir'kg)  35N.  107W. 
Aldabra,  is.  (al-da'bra)  9S.  46E. 

Aldan,  r.  (al-dan')  58N.  133E. 

‘Aldan,  pi.  57N.  125E. 

Aleppo  (a-lgp'o)  36N.  37E. 

Aleutian,  is.  (a-lu'shdn)  53N.  168W. 
‘Aleutian  Deep.  49N.  172W. 

Alexandria  (al'8g-zan'drl-d)  31N.  30E. 
Alger  (al'zha')  37N.  3E. 

Algeria  (51-je'rI-a)  33N.  4E. 

Alice  Springs  24S.  134E. 

Allahabad  (Sl'd-hii-bad')  25N.  82E. 

Alps,  mts.  (Alps)  46N.  9E. 

Altai  (al-tl')  46N.  88E. 

Altai,  mts.  48N.  90E. 

‘Altyn  Tagh,  mts.  (al-tln'  tag')  37N.  85E. 
Amadeus,  1.  (am-a-de'fts)  25S.  132E. 
Amazon,  r.  (&m'd-z6n)  3S.  63W. 

Amber,  c.  (Sm'bSr)  12S.  49E. 

Amberno,  c.  (am-bar'no)  IS.  138E. 

Ambriz  (am-brezh')  8S.  13E. 

Amirante,  is.  (a-me-ran'tS)  6S.  53E. 
Amritsar  (um-rlt'sdr)  32N.  75E. 
Amsterdam  (am'ster-d&m)  52N.  5E. 
Amsterdam,  i.  38S.  78E. 

Amu,  r.  (ii-mob')  42N.  61E. 

‘Amundsen,  g.  (a'mun-s6n)  70N.  120W. 
Amur,  r.  (a-moor')  51 N.  139E. 

Anadir,  g.  (a'na-dlr')  64N.  179W. 

‘Anadir,  r.  65N.  172E. 

‘Anatolia,  Plateau  of  (An'd-to'll-d)  38N. 
29E. 

Anchorage  (Ang'ker-Ij)  6 IN.  150W. 
Andaman,  is.  (An'dd-man)  UN.  93E. 
Andes,  mts.  (An-dez)  34S.  71W. 

Andijan  (an'dl-zhan')  41N.  72E. 

Andorra  (an-d8r'a)  43N.  2E. 

Angara,  r.  (ang'ga-ra')  58N.  97E. 
Anglo-Egyptian  Sudan  16N.  SOE 
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Angola  (ang-g5'ld)  12S.  118E. 

Ankara  (ang'ka-ra)  40N.  33E. 

*Ankaratra,  mt.  (ang'ka-ra'tra)  19S.  47E. 
Annobon,  i.  (an'6-bon')  IS.  6E. 

Antarctic,  arch,  (itnt-ark'tlk)  65S.  65W. 
♦Anti-Atlas,  mts,  (S,n'tf-dt'IS,.<i)  SON.  8W. 
Anticosti,  i.  (Sn'tf-kos'tl)  50N.  6W. 
Antilles,  Greater,  is.  (§n-tfl'ez)  18N.  74W. 
Antilles,  Lesser,  is.  16N.  62W. 

Antofagasta  (an'tft-fa-gas'tii)  24S.  70W. 
Anvers  (aN'v&r')  5 IN.  4E. 

♦Apennines,  mts.  (S.p'8-nlnz)  44N.  10E. 
Apia  (a-pe'a)  14S.  172W. 

Appalachian,  mts.  (ap'd-lilch'f-dn)  36N. 

80  W. 

♦Appalachian,  pi.  39N.  81 W. 

Arabia  (d-ra'bi -d)  23 N.  45E. 

Arabian  Desert  27N.  33E. 

Arabian  Sea  16N.  65E. 

Aracaju  (d-ra'kd-zhod')  11S.  37 W. 

Aracaty  (d-ra'kd-te')  5S.  38W. 

Arafura  Sea  (a'rii-foo'ra)  9S,  133E. 
Araguaya,  r.  (a'rd-gwl'yd)  8S,  49W. 

Aral,  1.  (3,r'dl)  45N.  60E. 

Ararat,  mt.  (fir'd-r&t)  40N.  44E. 

♦Aravalli  Hills,  mts.  (ii-ra'vd-16)  25N.  74 E. 
Arawan  [Araouan]  (a'rou'aN')  19N.  4W. 
♦Arctic  Arehipelago  (iirk'tlk)  76N.  100W. 
Archangel  (iirk'an'jdl)  65N.  4  IE. 
♦Ardennes,  mts.  (ar'dSn')  50N.  6E. 
Arequipa  (a'rit-ke'pa)  16S.  72W. 

Argentina  (iir'jPn-te'nd)  37S.  65W. 

♦Argun,  r.  (ar-goon')  51 N.  120E. 

Arica  (a-re'kii)  19S.  70W. 

Arizona  (ftr'f-zo'nd;  34 N.  112W. 

Arkansas  (ar'kdn-s6)  35N.  93W. 

Arkansas,  r.  37N.  100W. 


Armenia  (ar-me'nf-d)  40N.  45E. 

♦Armenia,  Highlands  of  40N.  43E. 
♦Arnhem,  c.  (arn-hSm)  12S.  137E. 

Aru,  is.  (a'roo)  6S.  135E. 

Ascension,  i.  (d-s8n'shun)  8S.  14W. 

Asir  (a-ser')  17 N.  43E. 

Asmara  (as-ma'ra)  15N.  39E. 

Astrakhan  (&s'tra-kijn')  46N.  48E. 
Asuncion  (a-soon'syon')  25S.  58W. 

Aswan  (its- wan')  24N.  33E. 

Asyut  (as-yoot')  27N.  31E. 

♦Atacama,  des.  (a'ta-ka'mii)  24S.  70W. 
Atbara,  r.  (at'ba-ra)  17N.  35E. 

Athabaska,  r.  (Hth'd-bSs'kd)  57N.  113W. 
Athabaska,  1.  58N.  107W. 

Athens  (Sth'Snz)  38N.  24E. 

♦Atherton,  mt.  (Sth'Sr-tien)  23S.  151E. 
Atlanta  (cJt-l&n'td)  34N.  84W. 

♦Atlantic  Coastal  Plain  (dt-l&n'tlk)  34 N. 
79  W. 

Atlas,  mts.  (iit'lds)  36N.  3E. 

Auckland  (ok'ldnd)  37S.  175E. 

Auckland,  i.  51S.  166E. 

Augusta  (o-giis'td)  33N.  82W. 

Augusta,  44N.  70W. 

♦Aullagasor  Poopo,  1.  (ou-ya'giis)  19S.  67W 
Austin  (os'tln)  30N.  98W. 

Australia  (os-tral'yd)  25S.  135E. 

Australian  Alps,  37S.  148E. 

Austria  (os'trl-a)  47N.  15E. 

Avon,  is.  (ii'von)  19S.  157E. 

♦Axel  Heiberg,  i.  (&k's81  hi'burg)  80N.  90 W. 
Ayacucho  (I'yii-koo'cho)  13S.  74W. 
Azerbaijan  (ii'zer-bl-jan')  40N.  47E. 

Azof,  Sea  of  (ii'z6f)  46N.  37E. 

Azores,  is.  (d-zorz')  39N.  29W. 


♦Bab  el  Mandeb,  str.  (biib'81  miin'dgb)  13N. 
43  E. 

Baffin,  b,  74N.  65W. 

Baffin,  i,  (bSf'fn)  70N.  75W. 

Bagamoyo  (ba'gil-md'yo)  6S.  39E. 

Baghdad  (bag-dad')  33N.  44E. 

Baguio  (ba'gS-o')  16N.  121E. 

Bahama,  is.,  (ba-ha'md)  23N.  74\V. 

Bahia  (S.  Salvador)  (hd-e'd)  130S.  38W. 
Bahia  Blanca  (bliing'kii)  39S.  62W. 

♦Bahr  el  Abiad  or  White  Nile,  r. 

(bU'h  r  81  a'b8-ad)  12N.  33E. 

♦Bahr  el  Azrek  or  Blue  Nile,  r.  (iiz'rdk)  13 N. 
34E. 

♦Bahr  el  Jebel,  r  (j8b'8l)  ON.  30E. 

Baikal,  1.  (bl-kftl')  53 N.  11  IE. 

♦Bailey  Deep  (ba'ir)  26N.  170W. 

♦Baker,  I.  (b&k'Sr)  0-177W. 

Baku  (bft-koo')  40N.  50E. 

Balboa  (bSl-bo'd)  9N.  SOW. 

Balearic,  is.  (biU'8-ftr'Ik)  40N.  3E. 

♦Balkan  Range,  mts.  (bOl'kdn)  43N.  25E. 
Balkash,  1.  (bal-kitah')  40N.  77E. 


Ballarat  (bil'd-rat)  38S.  145E. 

Baltic  Sea  (bol'tlk)  56N.  18E. 

Baltimore  (bol'tf-mor)  39N.  77 W 
Baluchistan  (bd-loo'cliT-stiin')  28N.  65E. 
Bamako  (ba'ma-ko')  13N.  8W. 

Banana  (bii-nii'na)  0S.  12E. 

Banda  Sea  (ban'dii)  5S.  128E. 

Bangalore  (b&ng'gd-lor')  13N.  78E. 
Bangkok  (b&ng'kftk')  14 N.  101E. 

Bangui  (biing'ge)  4N.  19E. 

Bangweulu,  1.  (bSng'w8-ob'lob)  11S.  31E. 
Banjermasin  (b&n'jSr-m&'stn)  3S.  115E. 
Banks,  i.  (b&ngks)  73 N.  120W. 

Barbados,  i.  (biir-ba'doz)  13N.  ROW. 
Barcelona  (bar'sd-16'nd)  41N.  2E. 
Barcelona  ION.  65W. 

Bareilly  (bd-ra'18)  28N.  79E. 

Barents  Sea  (bit'rSnts)  75N.  40E. 
Barfrush  (bftr'foo-roosh')  37N.  53E. 

Bari  (bk'r8)  4 IN.  17E. 

♦Barka,  pi.  (biir'ka)  31N.  22E. 

♦Barlee,  1.  (biir'lP)  29S.  120E. 

Barnaul  (biir'nii-o&l')  53N.  84E. 
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Baroda  (bd-ro'dd)  22N.  73E. 

Barquisimeto  ( b ii r - k o ' s C - m a ' t o )  ION.  69W. 
Barranquilla  (biir'ran-kel'ya)  11N.  75W. 
Barrow,  pt.  (b&r'o)  72N.  160W. 

Basra  (bus'rd)  31N.  48E. 

Bass,  str.  40S.  146E. 

Basuto  Land  (bd-soo'to-l&nd')  30S.  28E. 
Batavia  (bd-ta'vl-d)  6S.  107E. 

Bathurst  (bath'erst)  13N.  17W. 

Baton  Rouge  (bat'ifn  rbozh')  30N.  91W. 
Batum  (bd-tdom')  42N.  42E. 

Bauchi  (bou'chg)  ION.  10E. 

Bear,  i.  (b&r)  74N.  19E. 

Beaufort  Sea  (bo'fert)  72N.  140W. 
Bechuanaland  (bgch'do-a'nd-lSnd')  23S. 
24E. 

Beira  (ba'rd)  20S.  35E. 

Belcher,  is.  (bgl'chgr)  56N.  80 W. 

Belgm  (Para)  (bd-lgN')  IS.  48W. 

Belfast  (bel'fast)  55N.  6W. 

Belgian  Congo  2S.  23E. 

Belgium  (bSl'jl-wm)  51N.  5E. 

Belize  (bg-lez')  18N.  88W. 

Belle  Isle,  str.  (bel'Il')  52N.  52W. 

Bello  Horizonte  (ba'16-rg-zdn'td)  20S.  44 W. 
Benares  (bg-na'rez)  25N.  83E. 

Bengal,  b.  (bSn-gol')  15N.  90E. 

Benghazi  (bgn-ga'ze)  32N.  20E. 

Benguella  (bgng-gel'd)  13S.  14E. 

Benin,  Bight  of  (bg-nen')  5N.  3E. 

Benue,  r.  (ba'nob-a)  8N.  9E. 

Beograd  (bg-6'grad)  45N.  20E. 

Berber  (bur'ber)  18N.  34E. 

Berbera  (bur'ber-a)  ION.  46E. 

Bergen  (bgr'ggn)  60N.  5E. 

Bering  Sea  (ber'ing)  58N.  179W. 

Bering,  str.  65N.  170W. 

Berlin  (bur'lln)  53N.  13E. 

*Bermejo,  r.  (bgr-ma'ho)  26S.  59W. 
Bermuda,  is.  (ber-mu'dd)  32N.  65  V. 

Bern  (burn)  47N.  7E. 

Beyrouth  (ba'rdot)  34N.  36E. 

Bhutan  (boo-tiin')  28N.  9 IE. 

Biafra,  Bight  of  (be-a'frd)  2N.  8E. 

Bilbao  (bll-ba'o)  43 N.  3W. 

Bilma  (bgl'ma)  19N.  14E. 

Bingerville  (b&N'zha/vel)  5N.  4W. 
Birmingham  (bur'ming-dm)  34N.  87V  . 
Birmingham,  52N.  2W. 

Biscay,  b.  (bis'kd)  45N.  5W. 

Biskra  (bis'kra)  35N.  6E. 

Bismarck  (blz'mark)  47N.  101V. 

Bismarck,  arch.  4S.  149E. 

Bitterroot  Range  (blt'er-root)  46N.  115W. 
*Black  Forest  48N.  8E. 

♦Black  Hills  45N.  104W. 

Black  Sea  43N.  34E. 

♦Black  Volta,  r.  (vol'ta)  9N.  3V  . 
Blagovyeshchensk  (bla'gS-vySsh'chgnsk) 
50N.  128E. 

Blanc,  mt.  (blaN')  CON.  7E. 

Blanco,  c.  (bl&ng'ko)  21N.  17W. 


Bloemfontein  (bloom'f6n-tan)  29S.  26E. 
♦Blue,  mts.  34S.  150E. 

Blue  Nile,  r.  12N.  34E. 

♦Blue  Ridge,  mts.  37N.  79W. 
Bobo-Dioulasso  (bo'bo  dyoo'la'so')  11N. 
4W. 

*Bogdo-ola,  mt.  (bog'd6-o'la)  44N.  90E. 
Bogota  (bo'go-ta')  5N.  75W. 

♦Bohemian  Forest  (bo-he'mf-dn)  48N.  12E. 
Boise  (boi'sl)  44N.  116W. 

Bokhara  (b6-Ka'ra)  40N.  64E. 

Bolama  (bo-la'ma)  12N.  16W. 

♦Bolan  Pass  (bo-lan')  30N.  68E. 

Bolivia  (bo-llv'l-d)  8S.  64  W. 

Bologna  (b6-lon'yii)  45N.  HE. 

Boma  (bo'ma)  6S.  13E. 

Bombay  (bom-ba')  19N.  73E. 

♦Bomu,  r.  (bo'moo)  5N.  24E. 

Bon,  c.  (bon)  37N.  HE. 

Bone  (bdn)  37N.  8E. 

♦Bonifacio,  str.  (bo'nfi-fa'cho)  4 IN.  9E. 
♦Boothia,  g.  (bbo'thi-a)  70N.  87W. 
Bordeaux  (bor'do')  45N.  1W. 

Borneo,  i.  (bor'n6-o)  O.  112E. 

♦Bosporus,  str.  (bos'po-r&s)  4 IN.  29E. 
Boston  (bos'tun)  42  N.  71W. 

Bothnia,  g.  (both'ni-a)  64N.  21E. 
Bougainville,  i.  (boo'gaN'vel')  6S.  155E. 
Boulder  (bol'der)  3 IS.  122E. 

Bouvet,  i.  (boo've')  54S.  4E. 

Brahmaputra  (bra'md-pdo'trd)  26N.  93E. 
Branco,  c.  (brang'koo)  7S.  35W. 

Brandon  (bran'dwn)  50N.  100W. 

Brava  (bra'va)  IN.  44E. 

Brazil  (brd-zll')  11S.  53 W. 

Brazilian  Highlands  22N.  46W. 

Brazzaville  (bra'za'vel')  4S.  15E. 

Bremen  (bre'm(5n)  53N.  9E. 

Breslau  (brSs'lou)  51N.  17E. 

Brest  (brgst)  48N.  5W. 

Brewster,  c.  (broo'ster)  70N.  25W. 

Brindisi  (bren'dd-ze)  41N.  18E. 

Brisbane  (brlz'ban)  27S.  153E. 

Bristol  (brls't’l)  5 IN.  3W. 

♦Bristol,  b.  58N.  161W. 

British  Columbia  (ko-lum'bf-d)  55N.  124W. 
British  Guiana  (gd-a'nd)  4N.  58W. 

British  Honduras  (hon-doo'rds)  17N.  88W. 
British  Isles  56N.  10W. 

British  Malaya  (md-la'd)  5N.  103E. 

British  Somaliland  (s6-ma'16-ldnd')  ION. 
46E. 

Brno  (b&'no)  49N.  17E. 

Broken  Hill,  Northern  Rhodesia  14S.  29E. 
Broken  Hill,  New  South  Wales  34S.  147E. 
♦Brooke  Deep  (brook)  15N.  155E. 

♦Brooks  Range,  (brooks)  68N.  150W. 
Broome  (broom)  18S.  122E. 

Brunei  (brob-nl')  4N.  115E. 

Bruxelles  (bru'sSF)  51 N.  4E. 

Bucuresti  (bbo'kdb-rgsht')  44N.  26E. 
Budapest  (boo'dd-pgst')  48N.  19E. 


162 


INDEX  TO  PLACES 


Buea  (boo-a'a)  4N.  9E. 

Buenos  Aires  (bwa'nos  i'ras)  35S.  58W. 
Buffalo  (b&f'-d-lo)  43N.  79W. 
Bulawayo  (bbb'ld-wa'yo)  20S.  29E. 
Bulgaria  (bGl-g&r'I-d)  42N.  25E. 
Bunbury  (biin'ber-I)  33S.  116E. 


Burma  (bur'md)  2 IN.  96E. 

Bursa  (boor'sa)  40N.  29E. 

*Buri,  i.  (bbb'rob)  3S.  126E. 

Bushire  (bob-sher')  29N.  51E. 

Butte  (but)  46N.  113W. 

*Byelukha,  mt.  (byS-lob'ka)  50N.  87E. 


c 

Cairns  (k&rnz)  17S.  146E. 

Cairo  (ka'ro)  30N.  31E. 

Cajamarca  (ka'ha-mar'ka)  7S.  78W. 

Calabar  (kii'd-bar')  5N.  8E. 

Calcutta  (k&l-ktit'd)  23N.  88E. 

Calgary  (k&l'gd-rl)  51 N.  114W. 

Cali  (ka'16)  40N.  IE. 

California  (k&Tf-for'nl-d)  34N.  120W. 
California,  g.  27N.  111W. 

Callao  (ka-ya'6)  12S.  77W. 

Cambay,  g.  (k&m-ba')  20N.  72E. 

Cambodia,  c.  (k&m-bo'dl-d)  8N.  107E. 
Cameroon  (kfim'gr-oon')  4N.  14E. 
•Cameroon,  mts.  5N.  13E. 

Camocin  (ka-mo-seN')  3S.  41W. 

Campbell,  i.  (k&m'b’l)  50S.  170E. 

Campeche,  g.  (kam-pa'chi)  20N.  94W. 
Campinas  (kdm-pe'nds)  23S.  47 W. 

Campos  (kaN'pbos)  22S.  41W. 

•Campos  22S.  53W. 

Canada  (kin'd-dd)  55N.  98W. 

•Canadian,  r.  (ks-nii'dWn)  36N.  100W. 
•Canadian  Shield  52N.  90W. 

Canary,  is.  (kd-n&r'I)  28N.  16W. 

Canberra  (k&n'bgr-d)  35S.  149E. 

•Cantabrian,  mts.  (kSn-ta'brf-dn)  43N.  6W. 
Canton  (k&n-t6n')  23N.  113E. 

Canton,  i.  (k&n'tbn)  3S.  172W. 

•Cape  Breton,  i.  (brgt'un)  46N.  61W. 

Cape  Coast  5N.  1W. 

Cape  of  Good  Hope  32S.  24E. 

Cape  Town  (kap'toun')  34S.  18E. 

Cape  Verde,  is.  (vbrd)  17N.  25W. 

Cape  York,  pen.  (york)  14S.  143E. 

Caracas  (ka-ra'ksis)  11N.  67W. 

Caravellas  (ka'rd-vgl'as)  18S.  39W. 

Cardiff  (kiir'dlf)  51 N.  3W. 

•Carey,  1.  (kflr'I)  29S.  122E. 

Cargados  Carajos,  is.  (kar-gii'dos  ka-ra'zhos) 
17S.  60E. 

Caribbean  Sea  (kiir'I-beMn)  14N.  75W. 
Caroline,  is.  (kir'b-Iin)  8N.  148E. 
•Carpathian,  mts.  (kar-pa'thl-dn)  49N.  23E. 
Carpentaria,  g.  (kfir'pgn-tilr'I-d)  15S.  139E. 
Carson  City  (kiir's’n)  39N.  120W. 

Cartagena  (kiir'td-jg'nd)  ION.  76W. 

Cartagena  38N.  1W. 

Casablanca  (kii'sii-bliing'ka)  34N.  8W. 
•Cascade  Ranges,  mts.  45N.  122VV. 

•Caspian  Depression  47N.  50E. 

Caspian  Sea  (kis'pl-dn)  42N.  51E. 
•Cassiquiare,  r.  (kii-sC'ke-ftr'ii)  2N.  66W. 
Catamarca  (ka'ttt-miir'kii)  28S-  06 W. 


Catania  (ka-ta'nyii)  38N.  15E. 

•Catoche,  c.  (ka-to'ch4)  22N.  87W. 

•Cauca,  r.  (kou'ka)  3N.  77\V. 

Caucasus,  mts.  (ko'kd-sus)  43N.  43E. 
Cawnpore  (kon'por')  26N.  80E. 

Caxias  (ka'sh$-ds)  5S.  43W. 

Cayenne  (ka-6n')  5N.  52W. 

Cebu,  i.  (si-bob')  ION.  124E. 

Celebes,  i.  (sgl'6-bez)  20S.  120E. 

Celebes  Sea  4N.  122E. 

Ceuta  (su'td)  36N.  5W. 

•Cevennes,  mts.  (si'vgn')  44N.  3E. 

Ceylon,  i.  (s6-16n')  8N.  81E. 

Chad  (chad)  18N.  18E. 

Chad,  1.  14n.  12E. 

Chagos,  arch,  (cha'gos)  6S  69E. 

•Chambal,  r.  (chum'bQl)  26N.  78E. 
Changchow  (chitng'jo')  25N.  118E. 
Changsha  (chiing'sha')  28N.  113E. 
Charleston  (chirlz'tun)  38N.  82W. 
Charleston  33N.  78W. 

•Charlotte,  sd.  (shar'lbt)  51 N.  130W. 
Charters  Towers  (ch&r'tbrz)  20S.  146E. 
Chatham,  is.  (ch&t'dm)  44S.  175E. 
•Chelyuskin,  c.  (chgl-ydos'kln)  78N.  104E. 
Chengtu  (chgng'doo')  31N.  104E. 
Cherbourg  (shgr'boor')  50N.  2W. 

•Cherski,  mts.  (chgr'ske)  51 N.  113E. 
•Chesterfield,  (chgs'tgr-fgld)  is.  19S.  158E. 
Cheyenne  (shi-6n')  4 IN.  105\V. 

Chicago  (shl-kb'go)  42N.  88W. 

Chiclayo  (ch6-kla'yo)  7S.  80W. 

Chidley,  c.  (chld'll)  60N.  61W. 

Chihli,  g.  (ja'16')  38N.  119E. 

Chihuahua  (chg-wa'wk)  29N.  106W. 

Chile  (che'lft)  35S.  71W. 

Chiloe,  i.  (chg'16-S')  43S.  74W. 

Chimborazo,  mt.  (chlm'bb-ra'zo)  IS.  79W. 
Chinde  (shin'dg)  19S.  36E. 

Chita  (chfi-tft')  52N.  114E. 

Choiseul,  i.  (shwa'zul')  78.  157E. 

Cholon  (shfi'lbN)  1  IN.  107E. 

Chosen  (cho'sgn')  38N.  127E. 

Christchurch  (krlst'church)  44S.  173E. 
Christmas,  i.  (krls'mds)  11S.  106E. 

*Chu,  r.  (choo)  45N.  68E. 

Chungking  (chbong'klng')  SON.  107E. 
Churchill  (chdrch'Il)  59N.  94W. 

•Churchill,  r.  58N.  95W. 

Cincinnati  (sfn-sf-n&t'I)  37N.  85W. 

Ciudad  Bolivar  (syob-diitV  bb-lg'vkr)  8N. 
04  W. 

Clear,  c.  (kl6r)  51 N.  8W. 


INDEX  TO  PLACES 


163 


Cleveland  (klev'ldnd)  4 IN.  82 W. 
•Clipperton,  i.  (kllp'er-twn)  ION.  106W. 
Coats  Land  (kots)  76S.  20 W. 

Cochabamba  (ko'cha-bam'ba)  17S.  66W. 
Cocos,  i.  (ko'kbs)  5N.  88W. 

Cocos  or  Keeling,  is.  12S.  97E. 

Cod,  c.  42N.  69 W. 

Colombia  (k6-16m'b£-a)  5N.  74W. 

Colombo  (k6-16m'bo)  7N.  80E. 

Colon  (k6-lon')  9N.  80W. 

Colorado,  r.  (kol'o-ra'do)  37S.  69W. 
Colorado,  r.  36N.  113W. 

•Colorado,  pi.  35N.  111W. 

Colorado  39N.  105W. 

Columbia  (k6-lum'bl-a)  34N.  81W. 
•Columbia,  c.  84N.  71W. 

Columbia,  r.  46N.  121W. 

Columbus  (k6-lum'b#s)  40N.  83W. 
Comorin,  c.  (kbm'o-rln)  8N.  76E. 

Comoro,  is.  (kom'6-ro)  12S.  45E. 

•Compass  Berg,  mts.  (kum'pas  burg)  32S. 
25E . 

Concepcion  (Chile)  (k6n-s8p'syon')  37S. 
73  W. 

Concepcion  24S.  57W. 

•Conception,  pt.  (kon-sgp'shiin)  34N.  121W. 
Concord  (kong'kerd)  43N.  72W. 

Concordia  (kdn-kor'dl-d)  3 IS.  58W. 

Congo,  r.  (kSng'gd)  2S.  117E. 

Connecticut  (k<5-ngt'l-k£tt)  42N.  73W. 
Constantine  (kSn'staN'ten')  36N.  7E. 

Cook,  is.  (kdok)  20S.  158W. 

Cook,  mt.  44S.  170E. 


Dacca  (dSk'a)  24N.  90E. 

Dahna  Desert  (daK'na)  20N.  53E. 
Dahomey  (da-ho'mA)  9N.  2E. 

Dairen  (Port  Arthur)  (dl'rgn')  39N.  121E. 
Dakar  (da-kar')  15N.  17 W. 

Dakhla  Oasis  (dan'la)  25N.  29E. 

Dallas  (d&l'ds)  33 N.  97 W. 

Damascus  (dd-m&s-ktis)  34N.  36E. 
Danube,  r.  (d&n'ub)  44N.  25E. 

Danzig  (dan'tslK)  64 N.  19E. 

•Dardanelles,  str.  (dar'da-nSlz')  40N.  26E. 
Dar  es  Salaam  (dar'gs-sd-lam')  7S.  39E. 
•Darien,  g.  (da'rg-Sn')  9N.  77 W. 

Darling,  r.  (dar'IJng)  30S.  147E. 

Darwin  (dar'wln)  12S.  131E. 

Daugavpils  (dou'gaf-p£ls)  66N.  27E. 
Davis,  str.  (da'vls)  68N.  60W. 

Dawson  (do'siin)  64N.  139W. 

Dead  Sea  32N.  36E. 

•Death  Valley  36N.  117W. 

•Delagoa,  b.  (dgl'a-go'd)  26S.  33E. 
Delaware  (dSl'a-w&r)  39N.  75 W. 

Delhi  (dSl'hl)  29N.  77E. 

Demavend,  mt.  (dSm'a-vgnd')  36N.  52E. 
Denmark  (dgn'mark)  56N.  7E. 

Denmark,  str.  66N.  27W. 


Cook,  str.  41S.  175E. 

•Cook  Inlet  60N.  152W. 

•Cooper,  r.  (koop'gr)  22S.  149E. 

Copiapo  (ko'pya-po')  27S.  70W. 
Coquilhatville  (kfi'kel'ya'vel')  IN.  18E. 
Coquimbo  (k6-kem'b6)  30S.  71W. 

Coral  Sea  15S.  155E. 

Cordoba  (kor'di-ba)  31S.  64W. 

Cork  (kork)  52  N.  8W. 

Corrientes  (kor'rS-gn'tgs)  27S.  59 W. 
Corrientes,  c.  24S.  35E. 

Corsica,  i.  (kor'sl-ka)  42N.  9E. 

Corumba  (ko'ro&m-ba')  19S.  58W. 

Costa  Rica  (kbs'td  re'ka)  ION.  84 W. 
•Cradle,  mt.  (kra'd’l)  42S.  146E. 

Crete,  i.  (kret)  35N.  25E. 

Crimea  (kri-me'a)  45N.  34E. 

•Crown  Princess  Martha  Land  70S.  10E. 
Crozet,  is.  (krb'zS')  46S.  52E. 

Cuba,  i.  (ku'bd)  22N.  74W. 

Cuenca  (kwgng'ka)  3S.  79W. 

Cumana  (kbo'ma-na')  110N.  64  W. 
Curacao,  i.  (kob'ra-sa'o)  12N.  69 W. 
Curityba  (koo'rg-te'ba)  26S.  49 W. 

•Cutch,  g.  (kuch)  23N.  70E. 

•Cutch,  Rann  of  (run)  24N.  70E. 

Cuyaba  (koo-ya-ba')  16S.  56W. 

Cuzco  (kbos'ko)  14S.  72W. 

•Cyclades,  is.  (slk'lo-dez)  37N.  25E. 
Cyprus,  i.  (si'prus)  35N.  33E. 
Czechoslovakia  (ch8k'S-sl6-va'kI-d)  48N. 
18E. 

Czernowitz  (chgr'n6-vlts)  48N.  26E. 

D 

Denver  (dgn'ver)  40N.  105W. 

Derby  (dftr'bl)  17S.  124E. 

Derna  (dgr'na)  33 N.  23E. 

Deshnef,  c.  (dSsch'ngf)  66N.  170W. 

Des  Moines  (de  moin')  42N.  94W. 

•Desna,  r.  (dy6s-na')  52N.  34E. 

Detroit  (dS-troit')  42N.  83W. 

Devon,  i.  (dgv'izn)  75N.  87W. 

Diamantina  (de'a-man-te'nd)  18S.  44W. 
•Dinaric  Alps,  mts.  (dl-nar'Ik)  44N.  16E. 
Disko,  i.  (dls'ko)  70N.  54 W. 

Djibouti  (je'boo'te')  12N.  43E. 

Dnieper,  r.  (ne'pgr)  51N.  31E. 

Dniester,  r.  (nes'ter)  48N.  27E. 
Dniepropetrovsk  (dnygp'rft-pyg-trofsk') 
48N.  35E. 

Dominican  Republic  (dS-mln'I-kdn)  19N. 
70W. 

Don,  r.  (d<5n)  51N.  40W. 

Douro,  r.  (do'roo)  42N.  5W. 

•Dover,  str.  (do'ver)  52N.  IE. 

Drake,  str.  (drak)  58S.  70W. 

Drakensberg,  mts.  (dra'kgnz-burg)  29N. 
30E. 

Dresden  (drgz'dgn)  51N.  14E. 

Duala  (dwa'la)  4N.  10E. 
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Dublin  (dub'lin)  53N.  6W. 

Ducie,  i.  (dii-se')  25S.  130W. 

Duluth  (dob-1  doth')  47 N.  92 W. 

*Duna  or  Dvina,  r.  (dii'na)  (dv6-na')  57N. 
25E. 

Dunedin  (dun-e'din)  46S.  171E. 

Durango  (ddo-rSng'go)  24N.  105W. 

E 

East,  c.  38S.  179E. 

East  China  Sea  30N.  126E. 

Easter,  i.  29S.  114E. 

East  London  33S.  28E. 

Ebro,  r.  (e'bro)  42N.  1W. 

Ecuador  (8k'wd-dor)  2S.  78W. 

Edinburgh  (gd'ln-bil-rd)  56N.  3W. 

Edirne  (8-dIr'ng)  42N.  27E. 

Edmonton  (8cFmun-twn)  54N.  114W. 

Edward,  1.  (gd’werd)  IS.  28E. 

Egmont,  c.  (fig'mdnt)  39S.  174E. 

Egypt  (e'jlpt)  5S.  30W. 

Eire  54 N.  8W. 

*Elbe  (8I'b«)  53N.  10E. 

Elbert,  mt.  (Sl'bert)  39N.  105W. 

•Elbruz,  mt.  (81'broos)  43N.  42E. 

•Elburz,  mts.  (81-boorz')  36N.  51E. 

El  Fasher  (81  fash'er)  14N.  25E. 

•Elgon,  mtg.  (81'g8n)  2N.  34E. 

El  Hofuf  (81  h6-foof')  25N.  50E. 

Elizabethville  (8-lIz'a-b8th-vIl)  12S.  27E. 
Ellesmere,  i.  (glz'mer)  80N.  82\V. 

Ellice,  is.  (61'Is)  69N.  136W. 

F 

Fairbanks  (f&r'bSngks)  65N.  148W. 

Falkland,  is.  (fok'ldnd)  52S.  59W. 

Fanning  Group,  is.  (f&n'Ing)  4N.  159W. 
Farafra  Oasis  (fa-ra'frii)  27N.  28E. 

Farewell,  c.  (f&r'wgl')  60N.  44W. 

I-’argo  (fiir'go)  47N.  97W. 

Faroe,  is.  (fii'roo)  62N.  6W. 

Feira  de  Sant  Anna  (f8'6-rd  d8  sant  an'd) 
12S.  39 W. 

Fernando  Noronha,  i.  (fgr-niin'do  n6-ro'nyd) 
4S.  32W. 

Fernando  Po,  i.  (f8r-n&n'd5  po')  4N.9E. 

Fez  (f8z)  34N.  5W. 

Fezzan  (fgz'z&n')  27N.  15E. 

Fianarantsoa  (fyd-mi'rdn-tso'd)  21S.  47E. 
Figig  (fS'geg')  32 N.  1W. 

Fiji,  is.  (f6'je)  18S.  179E. 

Finisterre,  c.  (fe'ne'stftr')  43N.  9W. 

Finland  (fln'ldnd)  63N.  27W. 

•Finland,  g.  60N.  27E. 

Firenze  (f6-r8nt'stt)  44 N.  HE. 

Fiume  (fyoo'mA)  45N.  14E. 

•Flattery,  c.  (flSt'Sr-I)  48N.  125W. 

•Flinders,  mts.  (flln'dCrz)  3 IS.  139E. 
•Flinders,  r.  20S.  142E. 

Flores,  i.  (fld'r8s)  9S.  121E. 

Flores  Sea  3S.  123E. 


Durban  (dur'bdn)  30S.  31E. 

Dutch  East  Indies,  is.  2S.  112E. 

Dutch  Guiana  (g8-a'na)  4N.  56\V. 

Dvina,  r.  (dv6-na')  63N.  44E. 

•Dzungarian  Gate  (dzdong-ga'rl-dn)  47 N. 
85E. 


Ellsworth  Land,  James  W.  (Slz'werth)  77S. 
105W. 

El  Obeid  (81  o-bad)  13N.  30E. 

El  Paso  (61  pSs'o)  32N.  107W. 

El  Salvador  (61  sal'va-dor')  13N.  91 W. 
Enderby  Land  (6n'der-bl)  66S.  48E. 
Engano,  c.  (gn-ga'no)  19N.  122E. 

England  (Ing'gldnd)  53N.  1W. 

English  Channel  50N.  4W. 

Entebbe  (8n-tSb'8)  0.  33E. 

Erie,  1.  (er'I)  42  N.  81 W. 

Eritrea  (8r'6-tra'a)  15N.  39E. 

Erzurum  (gr'zbo-robm')  40N.  41E. 
•Essequibo  (8s'4-ke'bo)  7N.  58 W. 

Estonia  (8s-to'ni-a)  59N.  26E. 

Etah  (e'ta)  78N.  73W. 

Ethiopia  (e'thl-6'pl-d)  8N.  40E. 

•Etna,  mt.  (6t'na)  38N.  15E. 

Euphrates,  r.  (u-fra'tez)  33N.  43E. 
Everest,  mt.  (8v'6r-gst)  28N.  87E. 

Evre,  1.  (ar)  28S.  137E. 

•Eyre,  r.  25S.  139E. 


Florianopolis  (flo'rg-h-no'pb-les')  28S.  49 W 
Florida  (flor'l-da)  28N.  82W. 

•Fly,  r.  (fli)  8S.  142E. 

Foochow  (foo'chou')  26N.  119E. 

Formosa  (for-mo'sd)  26S.  58W. 

Fortaleza  (for'tii-la'za)  4S.  38\V. 
Fort-Archambault  (ffir'tar'sh&N'bo')  9N 
18E. 

Fort  Jameson  (jam'siin)  14S.  33E. 
Fort-Lamy  (for'l&'me')  12N.  15E. 

Fort  Smith  (Alberta,  Can.)  CON.  112W. 
Fort  Smith  (Ark.)  35N.  94W. 

Fort  Wayne  (wan)  4 IN.  85W. 

Fort  Worth  (wurth)  33N.  97W. 

Foxe  Basin,  (f5ks)  68N.  77W. 

France  (friiNs)  46N.  8W. 

Franceville  (fr&Ns'vfil')  2S.  13E. 

Frankfort  (Ger.)  50N.  9E. 

Frankfort  (Ky.)  (frllngk'fgrt)  38N.  85W. 
Franklin  (fr&ngk'lln)  72N.  91 W. 

Fraser,  r.  (fra'z6r)  51N.  121W. 

Frederick  Henry,  i.  8S.  139E. 

Fredericton  (fr8d'er-Ik-t£in)  46N.  67W. 
Freetown  (fre'toun)  9N.  13W. 

Fremantle  (fre'mftn't’l)  32S.  116E. 

French  Eriuatorial  Africa  6N.  18E. 

French  Guiana  (gfi-a'nd)  4N.  53W. 
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French  Guinea  (gin'll)  11N.  11W. 

French  Indo-China  18N.  105E. 

French  Somaliland  (s6-ma'16-lS.nd')  12N. 
47E. 

French  Sudan  (soo'daiO  16N.  7W. 

French  West  Africa  18N.  3E. 


Gabon  (ga/b6N')  g.  IS.  HE. 

*Gairdner,  1.  (gard'ner)  31S.  136E. 

Galapagos,  is.  (ga-lii'pa-gos)  O.  89W. 

Galatz  (ga'lats)  45N.  28E. 

*Galdhoppigen,  mt.  (gal'he-pig'Sn)  62N. 
8E. 

Gallegos  (ga-ya'gos)  52S.  70W. 

Gallinas,  pt.  (ga-ye'nas)  13N.  73W. 

Galveston  (g&l'vSs-tttn)  29N.  95W. 

Gambaga  (gam-ba'ga)  11N.  O. 

Gambia  (gfim'bi-d)  14N.  18W. 

Ganges,  r.  (gan'jez)  24N.  87E. 

Gao  (ga'o)  16N.  O. 

♦Garonne,  r.  (ga'ron')  45N.  O. 

Garua  (gii'roo -a)  9N.  1.3E. 

Gavle  (yav'R)  6 IN.  17E. 

Geelong  (je'long')  38S.  144E. 

Geneva  (jS-ne'va)  46N.  6E. 

Genova  (j6n,6-va)  44N.  9E. 

♦Genova,  g.  45N.  9E. 

♦Geographe,  b.  33S.  115E. 

Georgetown  (jorj'toun)  7N.  58W. 

Georgetown  5N.  100E. 

Georgia  (jor'jya)  32N.  83W. 

Georgia  42 N.  43E. 

Geraldton  (jgr'dld-tttn)  29S.  115E. 

Germany  (jur'md-m)  52N.  12E. 

Ghadames  (ga-da'mSs)  30N.  9E. 

Ghardaia  (gar-di'a)  33N.  4E. 

Ghat  (gat)  25N.  10E. 

♦Ghats,  Eastern,  mts.  18N.  83E. 

♦Ghats,  Western,  mts.  18N.  73E. 

Gibraltar  (ji-brol'ter)  36N.  5W. 

*Gibraltar,  str.  36N.  6W. 

Gilbert,  is.  (gfl'bert)  O.  175E. 

Gilolo,  i.  (ji-lo'lo)  IN.  128E. 

♦Gironde  (zhe'roNd')  45N.  1W. 

Glasgow  (glas'go)  56N.  4W. 

Goa  (go'a)  16N.  74E. 

Gobi  Desert  (go'be)  43N.  106E. 

Godavari,  r.  (gS-da'va-re)  19N.  77E. 
Godthaab  (go'top)  64N.  52 W. 

Godwin  Austen,  mt.  (god'wln  os  t6n)  36N. 
77E 

Gold  Coast  6N.  1W. 

Gomel  (go'mgl-y’)  52N.  31E. 

H 

Habana  (ii-ba'na)  23N.  82W. 

Hadd,  c.  (had)  22N.  60E. 

Hadhramaut  (ha'dra-mot')  16N.  51E. 

Hail  (ha'61)  28N.  42E. 

Hainan,  i.  (hI,nan,)  19N.  110E. 


Fridtjof  Nansen  Land  (fret'yM  nan'sgn) 
80N.  68E. 

Frio,  c.  (fre'oo)  23S.  42W. 

Funchal  (fdoN-shiil')  33N.  17W. 

Fundy,  b.  (fun'dl)  45N.  65W. 

Fusan  (foo'san')  35N.  129E. 


Gondar  (gon'dar)  13N.  37E. 

Gondokoro  (gSn-do'ko-ro)  5N.  32E. 

Good  Hope,  c.  34S.  18E. 

Gorki  56N.  44E. 

Goteborg  (yu'tg-bor'y’)  58N.  12E. 

Gotland,  i.  (gfit'ldnd)  58N.  19E. 

Gough,  i.  (gSf)  39S.  11W. 

Goyaz  (go-jms')  16S.  50W. 

*Gracias  a  Dios,  c.  (gra'sS-as  a  dyos')  15N. 
83  W. 

Grahamstown  (gra'amz-toun)  33S.  27E. 
*Grampians,  mts.  (gr&m'pi-tfnz)  46N.  4W. 
*Gran  Chaco  (gran  cha'ko)  25S.  58W. 
Grand  Bassam  (bas'sam')  4N.  3W. 

*Grand  Canyon  36N.  112WT. 

Grand  Rapids  43N.  86W. 

*Grande,  r.  (gran'dd)  19S.  65W. 

’s  Gravenhage  (s’  Kra'vdn-ha'gg)  52N.  4E. 
Great  Australian  Bight,  b.  34S.  129E. 

Great  Barrier  Reef  17S.  148E. 

*Great  Basin  40N.  116W. 

Great  Bear,  1.  65N.  115W. 

Great  Falls  47N.  111W. 

*Great  Karroo,  mts.  (ka-roo')  33S.  22E. 
Great  Khingan,  mts.  (klng'an')  46N.  121E. 
Great  Salt,  1.  41N.  115W. 

*Great  Sandjs  i.  25S.  153E. 

♦Great  Wall  of  China,  40N.  119E. 

Greece  (gres)  39N.  22E. 

♦Green,  r.  (gren)  42N.  109W. 

Greenland  (gren'ldnd)  73N.  43W. 
Guadalajara  (gwa'tha-la-ha'ra)  21N.  103W. 
Guadalupe,  i.  (gwii'tha-lob'pfi.)  29N.  119E. 
Guajara  Mirim  (gwa-zha-rii'  me-reN')  IIS. 
65W. 

Guam,  is.  (gwam)  14N.  145E. 

Guapore,  r.  (gwa'p6-ra')  13S.  62W. 
Guardafui,  c.  (gwar'da-fwe')  12N.  51E. 
Guatemala  (gwa'td-ma'la)  15N.  90W. 
Guaviare,  r.  (gwa-vya'rd)  3N.  72 W. 
Guayaquil,  g.  (gwl'k-kel')  3S.  82W. 
Guayaquil  2S.  80W. 

Guiana,  Highlands  of  (ge-ii'nd)  3N.  60W. 
Guinea,  g.  (gln'I)  2N.  2W. 

♦Gulf  Coastal  Plain  31N.  94W. 

Gwelo  (gwa'lo)  19S.  30E. 


Haiti  (Hispaniola),  i.  (ha'tl)  19N.  72W. 
Halifax  (hal'I-fiiks)  45N.  64 Wr. 
Hamburg  (ham'burg)  54N.  10E. 
Hamilton  (ham'O-titn)  43N.  SOW. 
♦Hamilton,  r.  53N.  62W. 
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•Hamilton  Inlet  54N.  59W. 

Hammerfest  (ham'er-fgst)  71N.  24E. 
*Hamun-i-Seistan,  1.  (ha-mobn'e-ses'tan) 
31N.  61E. 

Hangchow  (h&ng'chou')  30N.  120E. 

Hankow  (han'ko')  31N.  114E. 

Hanoi  (ha'noi')  21N.  106E 
Hanover  (hSn'6-ver)  52N.  10E. 

Harar  (ha'rdr)  9N.  42E. 

Harbin  (har'bln')  46N.  127E. 

Harrisburg  (h&r'Is-biirg)  40N.  77W. 

Hartford  (hart'fgrd)  42N.  73W. 

Harz,  mts.  (harts)  52N.  HE. 

Hasa  (ha'sd)  27N.  49E. 

Hatteras,  c.  (hSt'er-as)  35N.  76W. 

Havre  (a'vr)  SON.  0. 

Hawaii,  i.  (ha-wl'e)  20N.  156W. 

Hawaiian,  is.  (ha-wl'ydn)  21N.  157W. 

Heard,  i.  (htird)  53S.  73E. 

•Hearst  Land  71S.  65W. 

Hebrides,  is.  (h8b'rl-dez)  57N.  7W. 

Heijo  (ha'jo')  39N.  126E. 

Hejaz  (hS-jaz')  26N.  38E. 

•Hekla,  mt.  (hSk'ld)  64N.  19W. 

Helena  (hel'8-nd)  47N.  112W. 

•Helmand,  r.  (hgl'miind)  31 N.  63E. 

Helsinki  (hgl'sgn-k6)  60N.  25E. 

Herat  (her-at')  34N.  62E. 

High  Atlas,  mts.  32N.  4W. 

Himalaya,  mts.  (hl-ma'ld-yd)  30N.  84E. 
Hindu  Kush,  mts.  (hln'doo  koosli')  36N. 
72E. 

I 

Ibadan  (g-bd'diin)  7N.  4E. 

Iceland  (Is'ldnd)  65N.  19W. 

Idaho  (I'dd-ho)  44 N.  114W. 

Ifni  (6f'ng)  29N.  10W. 

•Iguassa  Falls  (6'gwa-soo')  26S.  S5W. 
•Illimani,  mt.  (el'y8-m&'n8)  17S.  68W. 
Illinois  (Jl'i-noi')  40N.  89 W. 

Ilorin  (e'16-r8n')  9N.  5E. 

India  (In'dl-d)  24N.  80E. 

Indiana  (In'dl-Sn'd)  40N.  87W. 

Indianapolis  (In'dl-dn-Sp'S-lIs)  40N.  86W. 
•Indigirka,  r.  (Sn'dyfi-ggr'ka)  71N.  150E. 
•Indo-Gangetic  Plain  25N.  80E. 

Indus,  r.  (In'dfis)  28N.  69E. 

Inhambane  (In'ydm-b&'ng)  24S.  3SE. 

Inner  Mongolia  (m6ng-go'H-d)  4 IN.  107E. 
Insalah  (Sn'sH'ld')  27N.  2E. 

Invercargill  (In'v8r-kar'gll)  46S.  168E. 

Ionian  Sea  (I-6'nI-dn)  39N.  18E. 

Iowa  (I'6-wd)  42N.  93W. 


Hobart  (ho'bert)  43S.  147E. 

Hodeida  (h6-d8'8-da)  15N.  43E. 

•Hokkaido  or  Hokushu,  i.  (hfik'ki'do)  43N. 
141E. 

Hokushu,  i.  or  Hokkaido  (ho'koo-shoo)  43N. 
141E. 

Holstenborg  (h61'stlns-b5r-y’)  67N.  54W. 
•Hombori,  mts.  15N.  2W. 

Honduras  (Sn-doo'rds)  15N.  87W. 
•Honduras,  g.  17N.  86W. 

Hong  Kong  (hSng'kSng')  22N.  114E. 
Honolulu  (ho'nS-loo'lob)  21N.  158W. 
Honshu,  i.  (hSn'shoo)  37N.  139E. 

•Hood,  mt.  (hdod)  45N.  122W. 

Horn,  c.  (horn)  56S.  67W. 

Houston  (hus'tftn)  30N.  95W. 

Howe,  c.  (hou)  38S.  150E. 

•Howland,  i.  (hou'ldnd)  IN.  177W. 

Howrah  (hou'ra)  23N.  88E. 

Ilsinking  (shln'jlng')  44N.  125E. 

Huaraz  (wa-riis')  10S.  78W. 

•Huascaran,  mt.  (w&s'ka-ran')  9S.  78W. 
Huchow  (hoo'jo')  31N.  120E. 

Hudson,  b.  (hud's’n)  60N.  86W. 

Hudson,  str.  62N.  72W. 

Hue  (U'a')  16N.  108E. 

Hungary  (hiing'gdrl)  47N.  19E. 

Huron,  1.  (hu'rdn)  45N.  83W. 

Hwang,  r.  (hwang')  35N.  112E. 

Hyderabad  (hi'd8^-ii-biid,)  17N.  78E. 


Ipswich  (Ips'wlch)  28S.  153E. 

Iquique  (8-ke'kd)  20S.  70W. 

Iquitos  (8-ke'tos)  4S.  73W. 

Iran  (Persia)  (8-ran')  32N.  55E. 

•Iran,  Basin  of,  35N.  55E. 

Iraq  (C'rak')  33N.  44E. 

Ireland  (ir'ldnd)  54N.  8W. 

Irkutsk  (Sr-kdotsk')  52N.  104E. 

Irrawaddy,  r.  (Ir'd-w5d'I)  25N.  97E. 

Irtish,  r.  (8r-tlsh')  52N.  78E. 

Isabel,  i.  (Iz'd-bgl)  88.  159E. 

•Ishim,  r.  (Ish-ftm')  54N.  67E. 

Ispahan  (fe'pa-hftn')  33N.  52E. 

Istanbul  (fi'stltn-bool')  41N.  29E. 

Italian  East  Africa  9N.  40E. 

Italian  Somaliland  (s6-ma'16-ldnd)  4N.  46E 
Italy  (It'd-11)  42 N.  12E. 

•Itatiaya,  mt.  (g-ta'tC-ii'yd)  22S.  45W. 
Ivory  Coast  7N.  6W. 

Izmir  (Iz'mSr')  38N.  27E. 


J 


Jackson  (jifkVn)  32N.  90W. 
Jacksonville  (jak's’n-vll)  30N.  82W. 
Jaffa  (ya'fii)  32N.  35E. 

Jaipur  (jl'poor')  27N.  76E. 

Jamaica  (jd-ma'kd)  18N.  SOW. 


James,  b.  (j&mz)  54N.  81 W. 

Jan  Mayen,  i.  (yftn  ml'f n)  71 N.  8W 
Japan,  Sea  (jd-piln')  40N.  135E. 
Japanese  Empire  32N.  140E. 

•Jarvis  I.  (jiir'vfa)  0.  160W. 
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Jassy  (yas'g)  47N.  28E. 

Java,  i.  (ja'vd)  8S.  110E. 

Java  Sea  4S.  112E. 

Javary,  r.  (zha'va-re')  5S.  72W. 

*Jebel  Sham,  mt.  (jgb'gl  shum)  23N.  57E. 
•Jebel  Toubkal  (tbob'kdl)  32N.  8W. 

Jefferson  City  (jgf'gr-sdn)  39N.  92W. 
Jerusalem  (jg-roo'sd-lgm)  32S.  35E. 

Jidda  (jld'da)  22N.  39E. 

Johannesburg  (y6-hiin'gs-burg)  26S.  28E. 
•Johnston,  i.  (jgn'st&n)  17N.  169W. 

Jolo,  arch.  (hg-lo')  5N.  121E. 

K 

K.  2,  mt.,  36N.  77E. 

Kabinda  (kd-beN'dd)  6S.  24E. 

Kabul  (kii'bobl)  35N.  69E. 

Kaduna  (kd-ddo'nd)  ION.  8E. 

Kaifeng  (ki'fung')  35N.  115E. 

Kairwan  (kgr' wax')  36N.  10E. 

Kalahari  Desert  (ka'la-ha'rg)  24S.  22E. 
Kalgan  (kal'gan')  50N.  115E. 

Kalgoorlie  (kai-goor'H)  3 IS.  121E. 

Kama,  r.  (ka'ma)  56N.  54E. 

Kambove  (kam-bo'vg)  11S.  27E. 

Kamchatka  (kam-chat'ka)  56N.  160E. 
Kandahar  (kQn'dd-har')  32N.  66E. 

•Kane,  b.  (kan)  79N.  70W. 

•Kangaroo,  i.  (kSng'gd-roo')  36S.  137E. 
Kanin,  c.  (ka-nyen')  69N.  44E. 

Kano  (ka'no)  12N.  9E. 

Kansas  (k3n'zds)  39N.  99W. 

Kansas  City  39N.  95W. 

Kara,  str.  (ka'ra)  70N.  52E. 

Kara  Sea  72N.  62E. 

Karachi  (kd-ra'chg)  25N.  67E. 

Karafuto  (ka'ra-fbb'td)  48N.  146E. 
•Karakoram,  mts.  (ka'ra-ko'riim)  36N.76E. 
Kars  (kars)  4 IN.  43E. 

Kasai,  r.  (ka-sl')  3S.  18E. 

Kashgar  (kash'gar')  39N.  76E. 

Kassala  (ka'sd-la)  15N.  36E. 

•Kathiawar,  pen.  (ka'tg-a-war')  22N.  71E. 
Kayes  (kaz)  14N.  11W. 

Kazakistan  (ka'zak-stan')  49N.  67E. 

Kazan  (ka-zan')  56N.  49E. 

Keeling,  or  Cocos,  i.  (ke'llng)  12S.  97E. 
Keetmanshoop  (kat'mang-hop)  27S.  18E. 
Keewatin  (kg-wa'tm)  63N.  90W. 

Keijo  (ka'jo')  38N.  127E. 

Kemp  Land  (kgmp)  67S.  57E. 

Kenia  (ke-nya')  IN.  38E. 

Kenia,  mt.  0.  38E. 

Kentucky  (kgn-tuk'I)  37N.  86W. 

Kerbela  (kiir'bd-la)  33N.  41E. 

Kerguelen,  i.  Ckgr'ge-laN')  49S.  70E. 
Kermadec,  is.  (ker-m3,d'8k)  30S.  179W. 
•Kermadec  Deep  30S.  175W  . 

Kerman  (kgr-man')  30N.  57E. 

•Kerulen,  r.  (k8r'ob-18n)  47N.  109E. 
Ketchikan  (kSch'l-kan')  55N.  132 W. 


•Juan  de  Fuca,  str.  (hw&n'  da  foo'ka)  48N. 
128W. 

Juan  Fernandez,  is.  (hwan'  fgr-nan'das)  34S. 
79W. 

Juba,  r.  (joo'ba)  6N.  42E. 

Jubbulpore  (jub'ul-por')  23N.  80E. 

Juby,  c.  (jbo'bl)  28N.  13W. 

Jujuy  (hob-hwe')  24S.  65W. 

Julianehaab  (yoo'li-a'ng-hbp)  61N.  46W. 
Juneau  (joo'no)  58N.  134 W. 

•Jura,  mts.  (zhii'ra')  47N.  6E. 

Jurud,  r.  (zhdb'r5b-a,)  6S.  69W. 

•Jutland,  pen.  (jut'ldnd)  56N.  9E. 


Key  West  (ke)  4N.  84W. 

Khabarovsk  (ka-ba'r6fsk)  49N.  135E. 
•Khangai,  mts.  48N.  98E. 

•Khanka,  1.  (Kang'ka)  45N.  134E. 

Khan  Tengri,  mt.  (kan'tgng'grg)  42N.  80E. 
•Kharga  Oasis  (xar'ga)  25N.  31E. 

Kharkof  (kar'k6f)  50N.  36E. 

Khartum  (kar'tddm')  16N.  33E. 

Khatanga,  r.  (ka-tang'ga)  70N.  105E. 
Khelat  (kg-lat')  29N.  66E. 

Khiva  (ke'va)  42N.  60E. 

Khorya  Morya,  is.  (koo'rg-a  moo'rg-a)  18N. 
56E. 

•Khyber  Pass  (ki'ber)  35N.  71E. 

•Kicking  Horse  Pass  52N.  114W. 

Kief  (ke'ygf)  51N.  31E. 

Kiel  (kel)  54N.  10E. 

Kilimanjaro,  mt.  (kll'g-man-ja'ro)  3S.  37E. 
Kilwa  (kel'wa)  9S.  39E. 

Kimberley  (klm'ber-ll)  29S.  25E. 
Kinchinjunga,  mt.  (kln'chln-joong'gd)  28N. 
88E 

Kindu  (ken'doo')  3S.  26E. 

•King,  sd.  17S.  123E. 

•King  Christian  IX  Land  67N.  38W. 

King  Edward  VII  Land  76S.  160W. 

•King  Frederick  VI  Land  63N.  43W. 

King  George  V  Land  68S.  140E. 

Kingston  (klngz'titn)  18N.  77W. 

Kinibalu,  mt.  (kln'I-bd-lob')  6N.  117E. 
Kioga,  1.  (ke-6'ga)  2N.  35E. 

Kirghiz  (klr-gez/)  42 N.  75E. 

•Kirghiz  Steppes  48N.  49E. 

Kishenef  (kg-shg-nyof')  47N.  29E. 

Kismayu  (kis-ma'yoo)  0.  43E. 

•Kistna,  r.  (klst'nd)  16N.  79E. 

Kiushu,  i.  (kybo'shob')  33N.  131E. 

Kivu,  1.  (ke'voo)  2S.  28E. 

Klaipeda  (kll'pg-da)  56N.  21E. 

•Klucheys  (kloo'chgf)  56N.  160E. 

Knoxville  (ngks'vil)  36N.  84W. 

Kobe  (ko'bg)  35N.  135E. 

Kobenhavn  (ku'p’n-houn')  56N.  13E. 
Kodiak,  i.  (ko'dl-gk)  58N.  153W. 

Kodok  (ko'dgk)  ION.  37E. 

Kokand  (kg-kant')  41N.  71E. 

Koko  Nor,  1.  (ko'k6  nor')  37N.  97E. 
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Kola,  pen.  (k6'la)  68N.  36E. 

Kolguef,  i.  (k61-g6o'y5f)  69N.  49E. 
*Kolima,  r.  (kS-ll-ma')  67N.  155E. 

Koln  (kuln)  51N.  7E. 

Komandorski,  is.  (k6'man-d6r'sk6-y6)  55N. 
166E. 

“Komoe,  r.  5N.  4W. 

Konakry  (k6'na'kre')  9N.  14W. 

Kong  (kong)  9N.  5W. 

Konigsberg  (ku'niks-bgric)  55N.  21E. 
Konya  (ko'n£-a)  38N.  33E. 

Korea,  str.  (k6-re'd)  35N.  130E. 

“Korinchi,  mt.  (k6-ren'chi)  2S  102E. 
Kosciusko,  mt.  (kos'I-us'ko)  36S.  148E. 
Kota  Raja  (kod'ta  ra'ja)  6N.  95E. 

Kovno  (kov'nd)  55N.  24E. 

Koweit  (kdo-wlt')  29N.  48E. 

*Kra,  isth.  (kra)  ION.  99E. 

*Krakatoa,  mt.  (kra'kii-to'a)  6S.  105E. 
Krakow  (kra'kdof)  50N.  20E. 

Krasnodar  (kras'n6-dar)  45N.  39E. 


Krasnovodsk  (kras'n6-votsk')  40N.  53E. 
Krasnoyarsk  (kras'n6-yarsk')  56N.  93E. 
Krasny  (kras'ng)  60N.  30E. 

*Krummel  Deep  19S.  74W. 

Kuala  Lumpur  (kwa'la  lobm'poor')  3N. 
102E. 

Kuching  (koo'chmg)  2N.  110E. 

Kufra  Oases  (koo'frd)  25N.  22E. 

Kuka  (koo'ka)  13N.  81W. 

Kumasi  (koo-mas'I)  7N.  2W. 

Kunene,  r.  (koo-na'ng)  17S.  9E. 

Kunlun,  mts.  (koon'ldon')  36N.  87E. 
Kurgan  (koor-gan')  55N.  65E. 

*Kuria  Muria,  is.  (koo'r6-a  moo'rf-a)  17N. 
56E. 

Kuril,  is.  (koo'ril)  47N.  150E. 

Kurussa  (koo-rdo'sa)  11N.  10 W. 
Kwangchow  (gwang'jo')  32N.  115E. 
‘Kwango,  r.  (kwang'go)  6S.  17E. 

Kwanza,  r.  (kwan'za)  US.  17E. 

Kyoto  (gyo'tfi)  35N.  136E. 


L 

Labrador  (liib'rd-dor')  56N.  59W. 

Labrador,  pen.  56N.  71W. 

Laccadive,  is.  (Ptk'd-dlv)  ION.  73E. 

“Lachlan,  r.  (lak'ldn)  34S.  145E. 

Ladoga,  1.  (la'dfi-ga)  61 N.  36E. 

Laghouat  (la'goo-at')  3 IN.  26E. 

“Lagoa  dos  Patos  (/d-go'd  doos  pa'tdos)  31S 

61 W. 

Lagos  (la'gos)  6N.  3E. 

La  Guaira  (lti  gwl'ra)  11N.  67 W. 

Lahore  dd-hor')  32 N.  74 E. 

Lanchow  dan'jd')  36N.  104E. 

“Landes  (laNd)  44N.  1W. 

Lands  End,  c.  SON.  9W. 

Lansing  (ISn'sIng)  43N.  86W. 

La  Paz  da  pits')  17S.  68W. 

La  Perouse,  str.  (la  piProoz')  46N.  143E. 

La  Plata  (lii  pla'ta)  35S.  58\V. 

La  Rioja  (la  r(1-o'ha)  29S.  67W. 

Las  Palmas  (las  pal'mas)  28N.  16W. 

Lassa  (liis'a)  30N.  9 IE. 

“Lassen  Peak  (13s'£n)  40N.  122W. 

Latvia  (lfit'vl-d)  57N.  24E. 

Launceston  (lan'sfis-tun)  4  IS.  147E. 
“Lebanon,  mts.  (lgb'd-nln)  34 N.  36E. 
Leeuwin,  c.  (loo'In)  348.  115E. 

Leipzig  (llp'slk)  51 N.  12E. 

Lena,  r.  (le'nd)  65N.  126E. 

Leningrad  (lgn'Ir.-g.iid)  59N.  30E. 

“Leopold  II,  1.  (16'6-pold)  2S.  19E. 
Leopoldville  (la'A'pold'vN')  4S.  15E. 

Leyte,  i.  (Ift'tA)  1IN.  125E. 

“Liao,  r.  (lyou)  43N.  123E. 

Liaoyang  (lyou'yftng')  4  IN.  124E. 

Liberia  (ll-ber'I-d)  6N.  9W. 

Libia  (in»'r-d)  29N.  16E. 

Libian  Desert  (llb'I-dn)  24 N.  23E. 

Libian  Desert,  plat.  31 N.  25E. 

Libreville  (l6'brS-v6l')  0.  9E. 


“Licancaur,  mt.  de'kan-kour')  23S.  68W. 
Lille  (lei)  51N.  3E. 

Lima  (li'md)  12S.  77W. 

Limpopo,  r.  (llm-po'po)  22S.  32E. 

Lincoln  (llng'kftn)  41N.  97W. 

Lindi  (lln'dfe)  10S.  40E. 

“Lions,  g.  (le'oN')  43N.  4E. 

Lisbon  (llz'bun)  39N.  9W. 

Lithuania  (Hth'ti-a'nI-d)  56N.  24E. 

“Little  America  79S.  155W. 

Little  Rock  35N.  92W. 

Liverpool  (llv'er-pool)  53N.  31V. 
Livingstone  (llv'Ing-stdn)  12S.  30E. 
Livorno  (16-vor'n6)  44 N.  10E. 

“Llanos  (yii'nos)  8N.  67  W. 

Loanda  (16-iin'dd)  9S.  16E. 

Loan  go  (l&-Sng'go)  6S.  12E. 

Lobito  (15-be't66)  12S.  14E. 

Lodz  (looj)  52N.  19E. 

Lofoten,  is.  (16-f6'Wn)  68N.  13E. 

“Logan,  mt.  (lo'gdn)  61N.  140W. 

“Loire,  r.  (Iwar)  47N.  1W. 

Lom6  (16'mfi.')  6N.  IE. 

London  (Hin'chin)  62N.  0. 

Long,  str.  (lftng)  70N.  180W. 

“Long’s  Peak,  mt.  40N.  106W. 

Lopatka,  c.  (16-pat'ka)  51 N.  157E. 

Lopez,  c.  (lo'pas)  IS.  9E. 

Lop  Nor,  1.  dop'nor')  20N.  31E. 

Lord  Howe,  i.  (hou)  32S.  159E. 

Los  Angeles  dos  iing'gil-Ss)  34N.  118VV. 
Louisiade  arch.  Odb-e'zi-iid')  12S.  153E. 
Louisiana  (ldd-e'zl-itn'd)  38N.  84W. 
Louisville  ddb'-I-vll)  38N.  86W. 

Lourenco  Marques  (16-r6n's6  miir'kgs)  26S 
33E. 

Lower  California  28N.  113W. 

Lower  Tunguska,  r.  (tdon-gdbs'kd)  64 N. 
95E 
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Loyalty,  is.  21S.  167E. 

*Lualaba  (lbb'a-lii'ba)  8S.  26E. 

*Luapula  (ldd'a-pdb'lii)  12S.  29E. 

Lucknow  (luk'nou')  27 N.  81E. 

Luderitz  (lu'der-Its)  27S.  15E. 

*Lukuga,  r.  (166-kdd'ga)  6S.  27E. 

Luluaburg  (lbb'ldb'a'bbbrg')  6S.  22E. 

M 

Macao  (md-ka'6)  22N.  114E. 

Macdonnell,  range  22S.  134E. 

Maceio  (ma'sd-yo')  10S.  36 W. 

Mackay  (md-kl')  2 IS.  149E. 

Mackenzie  (md-kSn'zi)  64N.  115W. 
Mackenzie,  r.  66N.  128W. 

Macquarie,  i.  (md-kwor'I)  55S.  159E. 

*Mac  Robertson  Land,  67S.  75E. 
Madagascar,  i.  (mad'd-g&s'ker)  20S.  46E. 
Madeira,  r.  (ma-da'rd)  6S.  62W. 

Madeira,  is.  33N.  17W. 

Madison  (miid'I-sitn)  43N.  89W. 

Madras  (ma-dras')  13 N.  80E. 

Madrid  (ma-drefch')  40N.  4W. 

Madura  (md-ddo'rd)  ION.  78E. 

Mafeking  (maf'6-king')  26S.  26E. 

*Mafia,  i.  (ma-fe'a)  8S.  40E. 

Magallanes  (mii'ga-ya'nas)  53S.  74W. 
Magdalena,  r.  (mag'da-la'na)  7N.  74W. 
Magdeburg  (m&g'de-burg)  62N.  12E. 
Magellan,  str.  (md-jgl'dn)  53S.  65W. 

Maine  (man)  45N.  69W. 

*Maine,  g.  43 N.  69 W. 

Majunga  (md-j  ung'ga)  16S.  46E. 

Makassar  (md-k&s'er)  5S.  120E. 

Makassar,  str.  3S.  118E. 

Malabar  Coast  (mal'd-bar)  13N.  75E. 

Malaga  (ma'la-ga)  37N.  4W. 

Malakka,  str.  (md-l&k'd)  3N.  100E. 

Malay,  pen.  (md-la')  7N.  101E. 

Maidive,  is.  (mal'dlv)  4N.  73E. 

Malmo  (malm'u')  56N.  13E. 

Malpelo,  i.  (mal-pa'lo)  4N.  82W. 

Malta,  i.  (mol'td)  36N.  14E. 

‘Mamore,  r.  (ma'mo-ra')  12S.  65W. 

Managua  (ma-na'gwa)  12N.  86 W. 

Mananjara  (ma'nan-zha'rd)  21S.  48E. 

Manaos  (ma-na'oos)  3S.  60W. 

Manar,  g.  (md-nar')  8N.  79E. 

Manchester  (miin'chSs'ter)  54N.  21W. 
Manchukuo  (man'jd'kwo')  47N.  130E. 
Manchuria  (man-chdor'I-d)  47N.  130E. 
Mandalay  (man'dd-la)  22N.  96E. 

Manihiki,  is.  (ma'nS-he'kd)  10S.  155W. 
Manila  (ma-ne'la)  15N.  121E. 

Manitoba  (mSn'f-to'bd)  54 N.  98W. 

Manus,  i.  (ma'ndos)  2S.  147E. 

Maracaibo  (ma/ra-kl'bo)  11N.  72W. 
Maracaibo,!.  9N.  72W. 

Marajo,  i.  (ma'ra-zho')  IS.  49W. 

Maranon,  r.  (ma'ra-nyon')  5S.  77W. 

*Marcus,  i.  (mar'kils)  24N.  154E. 

Mar  del  Plata  (mar  del  pla'tii)  38S.  58W. 


*Lut,  des.  (loot)  30N.  55E. 

•Luvua  (ldb-vdd'a)  8S.  28E. 
Luxemburg  (luk'sdm-burg)  50N.  6E. 
Luzon,  i.  (loo-zon')  15N.  121E. 
Luzon,  str.,  21N.  120E. 

Lwow  (lvoof)  50N.  24E. 

Lyon  (le'diP)  46N.  5E. 


Marianas,  is.  (ma'rS-a'nas)  18N.  146E. 
hlarie  Byrd  Land  (md-re'burd)  76S.  143W. 
*Marmara,  Sea  of  (mar'ma-rd)  4 IN.  28E. 
Marquesas,  is.  (mar-ka'sas)  9S.  140V7. 
Marrakesh  (mar-rii'kesh)  32N.  8W. 
Marseille  (mar'sg'y’)  43N.  5E. 

Marshall,  is.  (mar'shdl)  ION.  165E. 
Martaban,  g.  (mar'ta-ban')  15N.  96E. 
Martinique,  i.  (mar'ti-nek')  15N.  61W. 
Maryborough  (mar'I-bu-rd)  26S.  153E. 
Maryland  (mgr'i-ldnd)  39N.  76W. 

Maskat  (miis-kat')  24N.  59E. 
Massachusetts  (mas'd-choo'sets)  42N.  72W. 
Massaua  (mas-sa'wa)  16N.  39E. 

Matadi  (ma-tii'de)  6S.  14E. 

*Matoppo  Hills  21S.  28E. 

Matto  Grosso  (ma'tob  gros'oo)  15S.  60W. 
Matto  Grosso,  pi.  17S.  54W. 

Mauna  Kea,  mt.  (mou'na  ka'a)  20N.  155W. 
Mauritania  (mo'ri-ta'ni-d)  18N.  12W. 
Mauritius,  i.  (mo-rish'I-ris)  20S.  57E. 
Mazatlan  (ma'sa-tliin')  23N.  107W. 
McKinley,  mt.  (md-kln'll)  63N.  149W. 
Mecca  (mgk'd)  2 IN.  40E. 

Medellin  (ma'the-jmn')  6N.  76W. 

Medina  (md-de'na)  25N.  40E. 

Medinet  el  Fayum  (ma-de'net  SI  fa-y dom') 
29N.  31E. 

Mediterranean  Sea  (med'z-td-ra'ng-dn)  35N. 
15E. 

Meerut  (me'rijt)  29N.  78E. 

Meknes  (mek'ngs)  34N.  6W. 

Mekong,  r.  (ma'kong')  18N.  104E. 
Melanesia  (mSl'd-ne'shi-d)  14S.  165E. 
Melbourne  (mSl'bern)  38S.  145E. 

Melville,  i.  (mgl'vil)  76N.  112W. 

*Melville,  pen.  68N.  83W. 

Memphis  (mSm'fls)  35N.  90W. 

Menam,  r.  (ma-nam')  17N.  101E. 
Mendocino,  c.  (mgn'dS-se'no)  40N.  124 W. 
Mendoza  (mgn-do'sa)  33S.  69W. 

Mergui,  arch  (mer-gwe')  12N.  97E. 

Merida  (ma'rg-tha)  2 IN.  90W. 

Meridian  (me-nd'I-dn)  32N.  89W. 

Dlerv  (mgrf)  38N.  62E. 

Meshed  (me-shgd')  36N.  60E. 
‘Mesopotamian  Plain  (mgs'6-po-ta'ml-dn) 
35N.  44E. 

Messina  (mg-se'nd)  38N.  16E. 

‘Mexican  Plateau  26N.  105W. 

Mexico  (mek'si-ko)  19N.  99W. 

Mexico  24N.  102W. 

Mexico,  g.  of,  24N.  89W. 
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Miami  (mi-Sm'I)  26  N.  80 W. 

Michigan  (mlsh'I-gdn)  45N.  85W. 
Michigan,  1.  44N.  87W. 

Middle  Congo  0.  17E. 

‘Midway,  i.  (mld'wa')  71N.  148W. 

Milano  (m8-la'n6)  45N.  9E. 

Milwaukee  (mll-wo'kl)  43N.  88W. 
Mindanao,  i.  (mln'da-na'o)  8N.  125E. 
Mindoro,  i.  (mSn-do'ro)  13N.  121E. 
Minneapolis  (mIn'8-Sp'd-lIs)  45N.  93W. 
Minnesota  (mln'8-so'td)  46N.  94W. 

Minsk  (mSnsk)  54N.  28E. 

Miquelon,  i.  (me'k’-ldN')  47N.  56W. 
Mississippi  (mis  l-sip'i)  33N.  90 W. 
Mississippi,  r.  35N.  90W. 

Missouri  (ml-zdbr'I)  38N.  92W. 

Missouri,  r.  45N.  98W. 

•Mitchell,  mt.  (mlch'dl)  36N.  82W. 
•Mitumba,  mts.  10S.  26E. 

Mobile  (mO-bel')  3 IN.  88 W. 

Mocha  (mo'kd)  13N.  43E. 

Mogadishu  (mo'gd-de'shoo)  2N.  45E. 
Molukka  Passage,  str.  (m6-luk'd)  2N.  127E. 
Molukkas,  is.  (m6-luk'dz)  2S.  128E. 
Mombasa  (mSm-ba'sa)  4S.  40E. 

Mona  Passage,  str.  (mo'nS)  18N.  68W. 
Monastir  (mbn'ds-tir')  4 IN.  21E. 

Mongolia  (m5ng-go'H-d)  46N.  100E. 


Monrovia  (m8n-ro'vI-d)  6N.  11W. 

Montana  (m8n-ta'nd)  47 N.  HOW. 
•Montaux  Sources,  mt.  (mo.v'to-sdors')  29S. 
29E. 

Monterrey  (mon-tgr-ra')  42N.  7W. 
Montevideo  (mon'td-vg-da'o)  35S.  56W. 
Montgomery  (munt-gum'gr-I)  32N.  85W. 
Montpelier  (mont-pel'ySr)  44N.  73W. 
Montreal  (mSnt'rg-ol')  46N.  74W. 

Morocco  (m6-r8k'6)  33N.  5W. 

•Morris  Jesup,  c.  (mbr'Is  jSs'itp)  84N.  35W. 
Moscow  (mSs'ko)  56 N.  38E. 

Mossameies  (m6s'a-ma'd8s)  15S.  12E. 
Mossel  Bay  (m5s'81)  80N.  15E. 

Mosul  (mo'sool')  36N.  43E. 

Mozambique  (mo'zdm-bek')  15S.  38E. 
Mozambique  17S.  36E. 

Mozambique  Channel  17S.  42E. 

Mukden  (mook'dgn')  42N.  123E. 

Multan  (mool'tan')  30N.  72E. 

Munchen  (miin'Kgn)  48N.  12E. 

Murcia  (mdr'shl-d)  38N.  1W. 

Murmansk  (mobr-mansk')  69N.  33E. 
Murray,  r.  (mur'e)  34S.  144E. 

Murzuk  (moor'zook')  26N.  14E. 

Mweru,  1.  (mwa'roo)  9S.  27E. 

Mysore  (ml-sor')  12N.  77E. 
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Nagasaki  (na'ga-sii'kg)  33N.  130E. 
Nagoya  (n&'go'yd)  35N.  137E. 

Nagpur  (nag'poor')  21 N.  79E. 

Nairobi  (nl-ro'bg)  IS.  37E. 

Nancy  (naN'se')  49N.  6E. 

Nanking  (n&n'klng')  32N.  119E. 

•Nan  Shan,  mts.  (nan'  shan')  38N.  98E. 
Nantes  (n&Nt)  47N.  2W. 

Napier  (na'pI-Sr)  39S.  177E. 

Napoli  (na'p6-lg)  4 IN.  16E. 

Narbada,  r.  (nur-bud'a)  22N.  76E. 
•Nares  Deep  24N.  60W. 

Nashville  (nSsh'vIl)  36N.  87W. 

Natal  (nd-taP)  6S.  35W. 

Natal  28S.  31E. 

Natuna,  is.  (na-too'na)  4N.  108E. 
Nauru,  i.  (na'oo-roo)  0.  167E. 

Naze,  The,  c.  (naz)  58N.  5E. 

Nebraska  (n6-br&a'kd)  42N.  100W. 
Nedjed  (ngzhd)  26N.  44E. 

Nefud  Desert  (n8-food')  28N  41E. 
Negrais,  c.  (n8-grls')  16N.  94E. 

Negro,  r.  (na'gro)  IS.  64W. 

•Negro,  r.  40S.  05W. 

Negros,  i.  (na'gros)  10N.  123E. 

Nelson,  r.  (nfl'siln)  57N.  96 W. 

Nepal  (nS-pdP)  28N.  88E. 

•Nero  Deep  (nfi'ro)  12N.  148E. 
Netherlands  (nS't.hSr-ldndz)  52N.  6E. 
Netherlands  Indies  2S.  112E. 

Neuquen  (mVoo-kW)  388.  70  W. 

Nevada  (nfi-v&d'd)  40N.  117W. 


New  Britain,  i.  (brlP’n)  6S.  151E. 

New  Brunswick  (brunz'wlk)  47N.  66W. 
New  Caledonia,  i.  (k&l'g-do'nT-d)  21S.  165E. 
Newcastle  (nfl'kas'd)  52N.  3W. 

Newcastle  33S.  152E. 

•New  England,  pi.  30S.  152E. 

•New  England  Upland  45N.  70W. 
Newfoundland  (nu'fdnd-l&nd')  50N.  51\V. 
New  Guinea,  i.  (gln'I)  5S.  140E. 

New  Hampshire  (hilmp'shlr)  44N.  72W. 
New  Haven  (ha'vdn)  4 IN.  73W. 

New  Hebrides,  is.  (hgb'rl-dez)  16S.  168E. 
New  Ireland,  is.  3S.  152E. 

New  Jersey  (jilr'zl)  41N.  75W. 

New  Mexico  (mSk'st-ko)  34N.  106W. 

New  Orleans  (6r'l8-dnz)  30N.  90W. 

New  Plymouth  (pllm'iith)  39S.  174E. 

New  Siberian,  is.  (sl-bgr'I-dn)  74N.  148E. 
New  South  Wales  33S.  146E. 

New  Westminster  (wgst'min'stSr)  49N. 
123W. 

New  York  (y6rk)  4 IN.  74 W. 

New  York  43N.  75W. 

New  Zealand  (zS'ldnd)  40S.  175E. 

Ngami,  1.  ('n-ga'mfi)  21S.  22E. 

Ngaundere  ('n-goun-dil'rii')  7N.  14E. 
•Niagara  Falls  (nl-Ug'd-rd)  43N.  79W. 
Niamey  (ne'A-ma')  14N.  2E. 

Nicaragua  (nlk'd-rii'gwd)  13N.  86W. 
Nicaragua,  1.  11N.  83W. 

Nice  (n5s)  44N.  7E. 

Nicobar,  is.  (nlk'6-bkr')  8N.  93E. 
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Nictheroy  (nlk'tg-roi')  23S.  43W. 

Nidaros  (ne'da-ros)  63N.  10E. 

Niger,  r.  (ni'jgr)  7N.  7E. 

Niger  Colony  15N.  HE. 

Nigeria  (nl-jer'i-a)  8N.  8E. 

Nikolaevsk  (ne'kS-la'ygfsk)  53N.  141E. 
Nile,  r.  (nil)  19N.  32E. 

*Nile  Cataract,  1st  24N.  33E. 

*Nilgiri  Hills  (nfl'gl-rf)  11N.  77E. 

Ningpo  (nfng'po')  30N.  122E. 

♦Nipigon,  1.  (nip'f-gSn)  50N.  86W. 

Nizhni  Novgorod  (nyfsh'nyg-6  nov'g6-r6t) 
56N.  44E. 

Nome  (nom)  65N.  165W. 

Nordenskiold  Sea  (nor'dgn-shul)  76N.  125E. 
Norfolk  (nor'fuk)  37N.  76W. 

♦Norfolk,  i.  28N.  177W. 

Normanton  (nor'mdn-tiln)  18S.  141E. 
Norrkoping  (nor'chu'pfng)  59N.  16E. 
North,  c.  34S.  173E. 

North,  c.  71N.  26E. 

North,  i.  38S.  172E. 

North  Borneo  (bor'ng-o)  5N.  117E. 

North  Carolina  (k&r'6-li'nd)  35N.  80W. 
♦North  China  Highlands  37N.  112E. 

North  Dakota  (da-ko'ta)  48N.  100W. 
♦North  East  Foreland  81 N.  11W. 


Oakland  (ok'ldind)  38N.  1221V. 

Ob,  r.  (op)  64N.  67E. 

Ob,  g.  68N.  74E. 

Odessa  (6-dgs'd)  47N.  31E. 

Ogasawara,  is.  (o'ga-sa-wa-ra)  28N.  142E. 
Ogden  (8g'd£n)  41N.  112W. 

♦Ogowe,  r.  (o'g6-wa')  IS.  9E. 

Ohio,  r.  (6-hT'o)  37N.  87W. 

Ohio  40N.  87W. 

Okhosk  (6-kotsk')  60N.  143E. 

Okhotsk,  Sea  of  56N.  150E. 

Oklahoma  (o'kld-ho'ma)  35N.  971V. 
Oklahoma  City  35N.  98W. 

Olekma,  r.  (S-lygk-ma')  57N.  121E. 
Olekminsk  (8-lygk-mSnsk')  6 IN.  121E. 
♦Olenek,  r.  (8-lyg-nyok')  71N.  124E. 
Oliutorsk,  c.  (6-lydo-torsk')  60N.  17 IE. 
Olympia  (g-llm'pl-d)  47N.  123 W. 

Omaha  (o'md-ho')  4 IN.  96  W. 

Oman  (6-man')  20N.  58E. 

Oman,  g.  24N.  60E. 

♦Omatako,  mt.  21S.  17E. 

Omdurman  (8m 'door-man')  16N.  33E. 
*Omo,  r.  (o'mo)  7N.  37E. 

♦Omolon,  r.  (6'm6-lon')  64N.  159E. 

Omsk  (omsk)  55N.  74E. 


Paarl  (pari)  34S.  19E. 

Palawan,  i.  (pa-la' wan)  ION.  119E. 
Paiembang  (pii'16m-bang')  3S.  105E. 
Palermo  (pa-lur'mo)  38N.  13E. 
Palestine  (pul'gs-tln)  32N.  35E. 


North  East  Land  79N.  37E. 

North  Khartum  (kar'toom')  16N.  33E. 
North  Land  80N.  105E. 

♦North  Saskatchewan,  r.  (sSs-kfich'6-w8n) 
54N.  HOW. 

North  Sea  56N.  4E. 

North  West,  c.  22S.  114E. 

North  West  Territories  64N.  110W. 
Northern  Rhodesia  (r6-de'zhl-d)  15S.  30E. 
Northern  Territory  15S.  134E. 

♦Norton,  sd.  (nor't’n)  64N.  165W. 

Norway  (nor'wa)  65N.  15E. 

Norwegian  Sea  (nor-we'jdn)  67N.  0. 
Noumea  (noo'ma'a')  22S.  166E. 

♦Nova  Lisboa  (n5'va  lgzh-bo'a)  12S.  16E 
Nova  Scotia  (no'va  sko'shd)  45N.  64W. 
Nova  Zembla  (no'va  zgm-lya')  75N.  55E. 
Novo  Redondo  (no'v6  r8-d8n'do)  11S.  14E. 
Novorossiisk  (no'vo-ro-sesk')  45N.  38E. 
Novo  Sibirsk  (no'vo-sS-bersk')  55N.  83 E. 
♦Nubian  Desert  (nu'bi-an)  20N.  33E. 
♦Nullarbor  Plain  31S.  129E. 

♦Nunivak,  i.  (noo'nl-vak)  60N.  166  W. 
Nuremberg  (nu'rgm-burg)  49N.  11E. 

Nyasa,  1.  (nya'sa)  13S.  36E. 

Nyasaland  (nya'sa-13,nd)  13S.  34E. 


Onega,  1.  (o-ne'ga)  62N.  40E. 

Ontario  (on-t&r'i-o)  50N.  85W. 

Ontario,  1.  44N.  77W. 

Oporto  (6-por't6)  4 IN.  9W. 

Oran  (6'ra.N')  36N.  1W. 

Orange,  r.  (or'gnj)  29S.  18E. 

Orange  Free  State  28S.  27E. 

♦Ore,  mts.  51 N.  14E. 

Oregon  (8r'g-gon)  44  N.  122 W. 

Orel  (6r-yol')  53N.  36E. 

Orenburg  (8'rgn-bdorK')  52N.  55E. 
Orinoco,  r.  (o'ri-no'ko)  8N.  66W. 
Orkney,  is.  (ork'ni)  59N.  3W. 

Ormuz,  str.  (or'muz)  27 N.  57E. 

Oruro  (6-roo'ro)  18S.  67W. 

♦Osage  Plains  (o-saj')  35N.  97W. 

Osaka  (o'za'ka)  35N.  135E. 

Oslo  (6s'lo)  60N.  HE. 

Otavi  (o-ta'vg)  20S.  17E. 

♦Otranto,  str.  (6-tran't5)  40N.  19E. 
Ottawa  (St'a-wa)  45N.  76W. 

♦Ottawa,  r.  46N.  77W. 

♦Ouachita,  mts.  (w8sh'f-to')  35N.  94W. 
Ouro  Preto  (o'roo  pra't6o)  20S.  44  W. 
Outer  Mongolia  47N.  100E. 

♦Ozark,  pi.  (o'ziirk)  36N.  94W. 


♦Palk,  str.  (pok)  ION.  80E. 

Palmas,  c.  (pal'miis)  4N.  8W. 
♦Palmyra,  i.  (p;ll-mi'rd)  6N.  162W. 
Pamirs,  plat,  (pa-merz')  38N.  74E. 
♦Pampas  (piim'pas)  35S.  62  W. 
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Panama  (p&n'd-ma')  9N.  80W. 

•Panama,  g.  8N.  79W. 

•Panama  Upland,  9N.  79W. 

Panay,  i.  (pa-na'S)  11N.  123E. 

Papua  (pap'u-d)  7S.  146E. 

Papua,  g.  9S.  145E. 

Para  (Belem)  (pa-rii')  IS.  48W. 

Paraguay  (pa/ra-gwl')  25S.  57 W. 

Paraguay,  r.  22S.  58W. 

Parahyba,  r.  (pa/ra-e'bd)  7S.  35W. 
Paramaribo  (p5r  d-m&r'l-bo)  6N  55 W. 
Parana  (pa'ra-na')  32S.  6lW. 

Parana,  r.  23S.  53W. 

Paranagua  (pa'ra-na-gwa')  26S.  49W. 
Parina,  pt.  (pa-ren'ya)  5S.  82 \V. 

Paris  (p&r'is)  49N.  2E. 

•Paris  Basin  49N.  2E. 

Parnahyba  (par'nd-e'bd)  3S.  42W. 
Parnahyba,  r.  7S.  43W. 

•Parry,  i.  (pSr'I)  77N.  110W. 

•Patagonia,  pi.  (pS'td-go'ni-d)  46S.  70W. 
Patna  (put'nd)  26N.  85E. 

Paysandu  (pl'san-dob')  32S.  58W. 

Peace,  r.  57N.  118W. 

•Peary  Land  (per'l)  83N.  34W. 

Peiping  (ba'plng')  40N.  116E. 

•Peipus,  1.  (pl'pbos)  58N.  27E. 

Peiraieus  (pe'rg-gis')  38N.  24E. 

Pelew,  is.  (pe-lob')  8N.  135E. 

Pelotas  (pi.-16'tds)  32S.  52 W. 

•Pemba,  i.  (pgm'bd)  5S.  40E. 

*Pennines,  mts.  (pgn'Inz)  54N.  2W. 
Pennsylvania  (pgn'sil-va'nl-d)  78W.  41N. 
Penza  (pgn'za)  53N.  45E. 

Peoria  (pg-6'rl-d)  4 IN.  90W. 

Perm  (pgrm)  58N.  56E. 

Pernambuco  (Recife)  (pgr'niim-bbb'kbb)  8S. 
35W. 

Persia  (pur'zhd)  32N.  55E. 

Persian,  g.  50E.  27N. 

Perth  (purth)  32S.  116E. 

Peru  (pil-rdo')  98.  74 W. 

Peshawar  (pg-shii'wdr)  34N.  72E. 

Petchora,  r.  (pyg-cho'ra)  64N.  55E. 
•Petermann  Peak,  (pa'tgr-miin)  73 N. 
30W. 

Petropavlovsk  (pyg'trb-piiv'lbfsk)  53  N. 
159E. 

Philadelphia  (fll'd-dgl'fl-d)  40N.  75VV. 
Philippeville  (fe'lep'vel')  37N.  7E. 
Philippine,  is.  -fll'l-pen)  12N.  123E. 
•Philippines  Deep  ION.  130E. 

Phoenix  (fe'nlks)  33N.  112VV. 

Phoenix,  is.  4S.  171 W. 

•Piauhy,  mts.  (p6-ou-6')  9S,  43W. 
•Pidurutalagala,  mt.  (pe'doo-rdo-ta'ld-gii'ld) 
7N.  80 E. 

•Piedmont  Upland  (pSd'mftnt)  33N.  84W. 
I’ierre  (pgr)  44N.  100VV. 

Pietermaritzburg  (pe't6r-mA.r'Its-burg)  30S. 
30E. 


Pietersburg  (pe'terz-burg)  24S.  30E. 

Pikes  Peak,  39N.  105W. 

Pilcomayo,  r.  (pel'kfi-ma'yo)  23S.  62W. 
•Pindus,  mts.  (pln'diis)  39N.  21E. 
•Pitcairn,  i.  (pft'k&rn)  26S.  130 W. 
Pittsburgh  (plts'burg)  40N.  80W. 

Piura  (pyoo'ra)  5S.  81W. 

•Planet  Deep.  7S.  150E. 

Plata,  b.  (plii'ta)  35S.  57W. 

Platte,  r.  (plat)  41N.  100W. 

Plenty,  b.  38S.  177E. 

*Po,  r.  (po)  44N.  7E. 

Pocatello  (pd'kd-tgl'd)  43N.  112W. 

Poland  (po'l&nd)  52N.  21E. 

Poltoratsk  (pol'to-ratsk')  38N.  58E. 
Ponthierville  (poN'tya'vIl')  0.  25E. 
Pontianak  (p6n-te'a'nak)  0.  109E. 

•Pontic,  mts.  42N.  35E. 

Poona  (poo'nd)  19N.  74E. 

•Poopo  or  Aullagas,  1.  (p6'6-po')  19S,  67W. 
Popocatepetl,  mt.  (po-po'ka-ta'p6t'l)  19N. 
99  W. 

Port  Arthur  (Dairen)  39N.  121E. 

Port  Augusta  (6-gus'td)  32S.  138E. 

Port  au  Prince  (por'to'praNs')  19N.  72W. 
Port  Elizabeth  (port  6-lIz'd-bgth)  34S.  26E. 
Port  Moresby  (morz'bl)  9S.  147E. 

Port  Nolloth  (nSl'oth)  29S.  17E. 

Port  of  Spain  11N.  62 W. 

Port  Said  (port  sa-ed')  3 IN.  32E. 

Port  Sudan  (sod'dan')  20N.  37E. 

Portland  (Me.)  port'ldnd)  44N.  70W. 
Portland  (Ore.)  46N.  123W. 

Porto  Alegre  (por'too  a-la'grg)  30S.  51W. 
Porto  Novo  (por'to  no'vo)  6N.  3E. 

Porto  Yelho  (pbr'too  val'ySo)  9S.  64W. 
Portugal  (por'td-gdl)  40N.  7\V. 

Portuguese  Guinea  12N.  15W. 

Posen  (Poznan)  (po'zdn)  52N.  17E. 

Potosi  (po't6-se')  20S.  66W. 

Poznan  (Posen)  (poz'nan-y’)  52N.  17E. 
Praha  (pra'ha)  50N.  14E. 

Pretoria  (prg-to'rl-d)  26S.  28E. 

Pribilof,  is.  (pre'b6-lof')  57N.  170W. 

Prince  Edward,  i.  46N.  63 VV. 

Prince  Edward,  i.  45S.  39E. 

Prince  of  Wales,  c.  66N.  168W. 

Prince  Patrick,  i.  77N.  120 W. 

Prince  Rupert  54 N.  130 W. 

•Princess  Ragnhild  Land  70S.  30E. 

•Pripet.,  r.  (prl'py&t-y-)  52 N.  27E. 
Providence  (prliv'l-dgns)  42N.  71W. 

Puebla  (pwa'blii)  19N.  98W. 

T’ueblo  (pwgb'lo)  38N.  105W. 

Puerto  Cabello  (pwgr'to  ka-bg'yo)  10N. 
68W. 

Puerto  Montt  (pwgr'to  m6nt')  42S.  74 W. 
Puerto  Rico,  i.  (pwgr'to  re'ko)  18N.  66W. 
Purus,  r.  (pob-roos')  78.  65W. 

Putumayo,  r.  (pob'tob-ma'yo)  2S.  73W. 
Pyrenees,  mts.  (plr'6-nez)  IE.  43N- 
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Qabes,  g.  (ka'bgs)  34N.  11E. 

Qena  (ka'na)  26N.  33E. 

Quebec  (kwg-bgk')  47N.  71W. 
Quebec  51N.  75W. 

Queen  Charlotte,  is.  (shar'lot)  53N 


Queen  Mary  Land  67S.  90E. 
*Queen  Maud  Land  68S.  45E. 
Quelimane  (kgl-ma'nQ  18S.  37E. 
Quetta  (kwgt'a)  30N.  67E. 

132  W.  Quito  (ke'to)  0.  79 W. 


Rabat  (ra-bat')  34N.  7W. 

♦Rabaul  (ra'boul)  4S.  152E. 

Race,  c.  (ras)  47N.  53E. 

Rainier,  mt.  (ra-ner')  47N.  122W. 

Raleigh  (r6'lf)  36N.  79W. 

Rangoon  (r5ng-goon')  17N.  96E. 

*Ras  Dashan,  mt.  (ras  da-shan')  13N.  38E. 
Rawson  (ro's’n)  43S.  65W. 

Recife  (Pernambuco)  (rit-se'fQ  8S.  35W. 
Red,  r.  (rgd)  34N.  98W. 

♦Red,  r.  59N.  96W. 

Red  Sea  20N.  40E. 

Regina  (re-ji'na)  50N.  105W. 

Reims  (raNs)  49N.  4E. 

Reno  (re'no)  40N.  120W. 

Resistencia  (ra'sSs-tgn'sya)  38S.  60W. 
Reunion,  is.  (ra'ii'nyoN')  21S.  56E. 

Revillagigedo,  is.  (rd-vel'ya-hg-ha/tho)  56 N. 

13 1W. 

Reykjavik  (ra'kya-vek)  64N.  22W. 

Rhine,  r.  (rin)  49N.  8E. 

Rhode  Island  (rod  I'ldsnd)  44N.  72W. 
Rhodes,  i.  (r5dz)  36N.  28E. 

Rhone,  r.  (ron)  44N.  5E. 

Riyadh  (rg-yad')  25N.  47E. 

Ribeirao  Preto  (re'bi-rouN'  pra'tdo)  2 IS. 
48  W, 

♦Richards  Deep  (nch'erds)  25S.  75W. 
Richmond  (rlch'mnnd)  38N.  77W. 


Riga  (re'ga)  57  N.  24E. 

Rio  Branco  (re'oo  brang'kdo)  10S.  68W. 
Rio  Cuarto  (re'o  kwar'to)  33S.  64W. 

Rio  de  Janeiro  (re'o  da  zhd-na'ro)  23S.  43  W. 
Rio  de  Oro  (re'o  da  o'ro)  25N.  13W. 

Rio  Grande,  r.  (re'o  gran'da)  29N.  103W. 
Rio  Grande  do  Sul  (re'do  gran'dg  doo  sool') 
32S.  52 W. 

Rio  Muni  (re'o  moo'ne)  3N.  10E. 

Rivadavia  (re'vo-da'vg-a)  46S.  68W. 
Robson,  mt.  (rob'sttn)  53N.  119W. 
Rockhampton  (rok-hamp'ttfn)  23S.  151E. 
Rocky,  mts.  45N.  114W. 

Rodriguez,  i.  (ro-dre'ges)  20S.  63E. 

Rome  (rdm)  42N.  12E. 

Rosario  (ro-sa'rg-5)  33S.  61W. 

Ross  Sea  (ros)  76S.  165W. 

♦Ross  Shelf  81S.  173W. 

Rostof  (ros-tof')  47N.  40E. 

Rouen  (rod'aN')  49N.  IE. 

Rovuma,  r.  (ro-voo'md)  11S.  39E. 

Rudolf,  1.  (roo'dolf)  4S.  36E. 

♦Rufiji,  r.  (roo-fe'jg)  8S.  38E. 

Rumania  (roo-ma'ni-a)  46N.  26E. 

Russia  (rush-a)  55N.  45E. 

Ruwenzori,  mt.  (roo'wgn-zo'rg)  0.  30E. 
♦Ryukyu  Deep  23N.  127E. 

♦Ryukyu,  is.  (r’yoo'kyoo')  28N.  129E. 
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Sable,  c.  (sa'b'l)  43N.  66W. 

Sable,  c.  25S.  81W. 

Sable,  i.  44N.  6W. 

Sacramento  (sSk'rd-mgn'to)  39N.  122W. 
Sahara  (sd-hii'rd)  20N.  5E. 

Sahara  Atlas,  mts.  34N.  3E. 

Saigon  (sa'e'goN')  11N.  107E. 

St.  Charles,  c.  (sant  charlz')  52N.  56W. 
♦St.  Elias,  mt.  (sant  g-li'ds)  60N.  141W. 
Ste.  Marie,  c.  (s5.Nt'ma're')  26S.  45E. 

St.  George,  g.  (s&nt  jorj')  46S.  66W. 

♦St.  George’s  Channel  (s&nt  jor'jlz)  52N. 
5W. 

♦St.  Helena,  (sdnt  he-le'na)  b.  33S.  18E. 
St.  Helena,  i.  (s&nt  hS-le'na)  16S.  6W. 

St.  John  (s&nt  jon')  45N.  66W. 

St.  Johns  48N.  53W. 

St.  Lawrence,  r  (sdnt  lo'rgns)  47N.  70W. 

St.  Lawrence,  g.  48N.  62 W. 

St.  Lawrence,  i.  64N.  170W. 

St.  Louis  (Africa)  (siN'loo'e')  16N.  17W. 


St.  Louis,  U.S.A.  (s&nt  loo'i)  39N.  90W. 

St.  Matthew,  i.  (s&nt  math'u)  61N.  172W. 
St.  Paul  (s^nt  pol )  45N.  93 W. 

St.  Paul,  i.  39S.  78E. 

St.  Paul,  i.  IN.  30 W. 

St.  Thomas,  i.  (t8m'ds)  0.  7E. 

St.  Vincent,  c.  (vin's&it)  37N.  9W. 
Sakhalin,  i.  (sa'Ka-len')  52N.  143E. 

Salem  (sa'Mm)  46N.  123W. 

Salisbury  (solz'bgr'I)  18S.  32E. 

Salta  (sal'ta)  25S.  65W. 

Salt  Lake  City  4 IN.  112W. 

Salto  (sal 'to)  3 IS.  58W. 

Sal  win,  r.  (s31'wen')  22N.  98E. 

Samar,  i.  (sa'mar)  12N.  125E. 

Samara  (sa-ma'ra)  53N.  50E. 

Samarang  (sg-mii'rang)  7S.  110E. 
Samarkand  (sgm'er-kand')  40N.  67E. 

San  Ambrosio,  i.  (san  iim-bro'se-o)  26S. 
80  W. 

San  Antonio  (san  an-to'nyo)  29N.  991V. 
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San  Antonio,  c.  37S.  57W. 

San  Cristobal  (krgs-to'bal)  8N.  72W. 

San  Diego  (dya'go)  33N.  117W. 

Sandwich  Group,  is.  (s&nd'wlch)  59S.  26W. 
San  Felix,  i.  (fa'leks)  26S.  80W. 

San  Francisco  (fran-ses'ko)  38N.  122W. 
San  Jose  (hfi-sa')  ION.  84W. 

San  Juan  (hwan')  18N.  66 W. 

San  Lucas,  c.  (loo'kas)  23N.  HOW. 

San  Luis  Potosi  (san  loo-es'  po't6-se')  22N. 
101W. 

San  Matias,  g.  (ma-te'as)  42S.  64W. 

San  Salvador  (sal'va-dor')  14N.  89W. 

Sana  (sa-na')  15N.  45E. 

Sandakan  (s&n-da  kdn)  6N.  118E. 
’Sankuru,  r.  8S.  24E. 

’Santa  Barbara,  i.  (s&n'td  bar'ba-ra)  34N. 
1 19W. 

Santa  Cruz  (san'ta  kroos')  18S.  62W. 

Santa  Cruz  29N.  18W. 

Santa  Cruz,  is.  10S.  166E. 

Santa  Fe  (san'ta  fa')  32S.  61W. 

Santa  Fe  36N.  106W. 

Santarem  (san'ta-rSN')  3S.  55W’. 

Santiago  (s&n'tb-a'go)  33S.  71W. 

Santiago  20N.  76W. 

Santiago  del  Estero  (dgl  gs-ta'ro)  28S.  64W. 
Santo  Domingo  (san'to  d6-mlng'go)  19N. 
70W. 

Santos  (san'tdos)  24S.  46W. 

Sao  Francisco,  r.  (Soun  fran-ses'kob)  14S. 
44W. 

Sao  Francisco  26S.  49W. 

Sao  Luiz  tloo-ez')  3S.  44W. 

Sao  Paulo  (soun  pou'ldb)  24S.  47W. 

Sao  Roque,  c.  (ro'kd)  6S.  35W. 

Sao  Vicente,  i.‘  (soun  ve-san'tg)  17N.  25W. 
Sapporo  (sap'p6-ro)  43N.  141E. 

Saragossa  (sa'rd-gSs'd)  42N.  1W. 

Saratof  (sa-ra't6f)  62N.  46E. 

Sarawak  (s^-ra'wftk)  2N.  113E. 

Sardinia,  i.  (sar-dln'I-d)  40N.  10E. 

Sargasso  Sea  (Skr-giis'so)  28N.  65W. 
Saskatchewan  (s&s-k&ch'6-w8n)  54N.  106W. 
Saskatoon  (s&s'kd-toon')  52N.  107W. 

Saudi  Arabia  (sa-oo'dfl  d-r&'bT-d)  26  N.  43E. 
Sault  Ste.  Marie  (so'  e&nt/  mdre')  47N.  84  W. 
*Sava,  r.  (sa'va)  45N.  20E. 

Savannah  (sd-v&n'd)  32N.  81W. 

’Savannah,  r.  34 N.  82 W. 

Say  (s&)  13N.  2E. 

Sayan,  mts.  (sii-yan')  63N.  94E. 
’Scandinavian,  mts.  (sk8.n'di-na'vl-dn) 

66N.  1.5E. 

Scotland  (skStndnd)  57N.  4W. 

Seattle  (s6-&t''l)  48N.  122W. 

Segu  (sil'goo')  13N.  6W. 

’Seine,  r  (san)  49 N.  3E. 

Selenga,  r.  (sA-lfing'gA.)  SON.  10SE. 

•Selkirk,  mts.  (sSl'kilrk)  SIN.  117W. 
’Semeru,  mt.  (sSm'Sr-oo)  8S.  113E. 


Semipalatinsk  (sd'mg-pa-la-tySnsk')  50N 
80E. 

Sendai  (sSn'dl')  38N.  14 IE. 

Senegal,  r.  (sSn'6-gdl')  15N.  12W. 

Serang,  i.  (s4-rang')  3S.  129E. 

Serowe  (sS-ro'wg)  22S.  27E. 

’Serra  do  Espinhaco  20S.  44 W. 

’Severnaya  Zembla  80N.  100E. 

Sevilla  (slt-vel'ya)  37N.  6W. 

Seward,  r.  (su'erd)  65N.  163W. 

’Seward,  pen.  65N.  164W. 

Seychelles,  is.  (sa'shgl')  4S.  55E. 

Shan  (shan)  43  N.  80E. 

Shanghai  (sh&ng'hi')  31N.  121E. 
’Shantung,  pen.  (shan'doong')  36N.  118E. 
Shari,  r.  tsha're')  ION.  16E. 

’Shark's  Bay,  25S.  113E. 

Shasta,  mt.  (sh&s'ta)  41N.  122W. 
Shellborough  (shgl'bu-rii)  20S.  119E. 
Shetland,  is.  (shSt'ldnd)  61N.  1W. 

Shikoku,  i.  (she'ko'kdo)  34N.  134E. 

Shilka,  r.  (shel'ka)  53N.  118E. 

Shiraz  (shb-riiz')  30N.  53E. 

’Shire,  r.  (she'rd)  15S.  35E. 

’Shott  el  Jerid,  mt.  (shat  SI  jS-red')  34N. 
8E. 

’Shotts,  pi.  (shatz)  35N.  5E. 

Si,  r.  (sS)  24N.  107E. 

Siam  (si-am')  15N.  102E. 

Siam,  g.  11N.  102E. 

Sianfu  (sS'an')  34N.  109E. 

Siangtan  (syftng't&n')  28N.  113E. 

Siberia  (sl-ber'1-d)  63N.  105E. 

’Siberian  Plain  60N.  75E. 

’Sicily,  i.  (sIs'MI)  37N.  14E. 

Sidra,  g.  (sld'rd)  32N.  18E. 

’Sierra  Cordoba,  mts.  (sySr'rit  kor'd6-bii) 
33S.  65W. 

’Sierra  de  Guadarrama,  mts.  (gwii'thar- 
rii'mft)  41N.  4W. 

Sierra  Leone  (sl-Sr'd  16-o'nS)  8N  12W. 
’Sierra  Madre,  mts.  (m&'drft)  2 IN.  106 W. 
’Sierra  Morena,  mts.  (m6-ra'nii)  38N.  6W. 
•Sierra  Nevada,  mts.  (n4-vtt'tha)  38N. 
114  W. 

’Sierra  Nevada,  mts.  37N.  3W. 

•Sierra  Nevada  de  Merida,  mts.  (ma'rS-tlni) 
6N.  72 W. 

’Sikhota  Alin,  pi.  (sS-Kb'ta-d-len')  45N 
135E. 

Simferopel  (sSm-fS-r6'p61-y’)  45N.  34E. 
Simla  (slm'ld)  31N.  77E. 

Sinai,  pen.  (sl'nl)  29N.  34E. 

Singapore  (slng'gd-por')  IN.  10 IE. 

Sinkiang  (sln'kykng')  41 N.  85E. 

Sioux  City  (sob)  43N.  96W. 

Sioux  Falls  44N.  97W. 

Sitka  (slt'kd)  57N.  135W. 

Sivas  (sC'vas')  40N.  37E. 

Siwa  Oasis  (s6'wii')  29N.  26E. 

Skagerrack,  str.  (skftg'Sr-rak')  58N.  8E. 
•Slave,  r.  (slav)  60N.  113W. 
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♦Smith,  sd.  (smith)  77N.  75W. 

Snake,  r.  (snak)  45N.  118W. 

Society,  is.  (s6-si'£-tl)  17S.  150W. 

Socotra,  i.  (s6-ko'trd)  13N.  50E. 

Soerabaja  (soo'ra-b&'ya)  7S.  113E. 

Sofija  (so'fg-ya)  43 N.  23E. 

*Sogne  Fiord  (s6g'n§  fyord)  62N.  6E. 

Sokoto  (so'ko'to')  13N.  5E. 

Solomon,  is.  (sbl'b-mitn)  8S.  158E. 

Soochow  (soo'chou')  31N.  121E. 

Sorata,  mt.  (s6-ra'ta)  16S.  68W. 

♦Sound,  The  56N.  13E. 

South,  i.  42S.  170E. 

South  Australia,  30S.  135E. 

South  Carolina  (k&r'6-ll'nd)  34N.  81W. 
♦South  China  Highlands,  25N.  115E. 

South  China  Sea  10S.  113E. 

South  Dakota  (dd-ko'td)  44N.  100W. 

South  East,  c.  44S.  147E. 

South  Georgia,  i.  (jor'jyd)  54S.  38W. 

South  Orkney,  is.  (ork'nl)  61S.  45W. 
♦South  Saskatchewan,  r.  (s&s-k&ch'S-wSn) 
51N.  108W. 

South  Shetlands,  is.  (shgt'ldnd)  62S.  62W. 
South  Victoria  Land  (vlk-to'rl-d)  74S.  160E. 
South  West  Africa  22S.  17E. 

Southampton,  i.  (south-gmp'tun)  64  N. 
84  W. 

♦Southern  Alps.  mts.  44S.  169E. 

Southern  Rhodesia  (rb-de'zhl-a)  18S.  30E. 
♦Soya  Str.  46N.  143E. 

Spain  (span)  40N.  3W. 

♦Spanish  Morocco  36N.  5W. 

♦Spartel,  c.  (spar-tSl')  36N.  6W. 
Spartivento,  c.  (spar'tg-vgn'tb)  38S.  16E. 
Spencer,  g.  (spgn'sgr)  34S.  135E. 

Spokane  (spb-kiln')  48N.  117W. 

Springfield  (sprlng'feld)  40N.  90W. 
Srinagar  (srg-nug'dr)  34N.  75E. 

Stalingrad  (sta-lSn-grad')  49N.  45E. 
Stanley  (st&n'II)  52S.  58 W. 

♦Stanley  Falls  0.  25E. 

♦Stanley  Pool  4S.  15E. 


Tabatinga  (ta'bd-tSN'gd)  4S.  70W. 

Tabora  (ta-bo'ra)  5S.  33E. 

Tabriz  (ta-brez')  38N.  46E. 

Tacna  (tak'na)  11S.  69W. 

Tadjik  (ta-zhlk')  29N.  70E. 

Tagus,  r.  (ta'gus)  39N.  6W. 

♦Tahiti  I.  (ta-he'tg)  18S.  149W. 

Taihoku  (tl'ho'ku)  25N.  122E. 

♦Taimer  Pen.  ti-mfr'75N.  104E. 

Taitao,  pen.  (ti-ta'o)  47S.  75W. 

Taiwahfu  (de'hwa')  44N.  88E. 

Taiwan,  i.  (tl'wan')  24N.  121E. 

♦Takla  Makla,des.(ta'kla  ma'kla)  39N.  84E. 
Talca  (tal'kft)  35S.  72W. 

Talcahuano  (tal'ka-wa'no)  37S.  73 W. 
Tallahassee  (tS.l'd-hiis'6)  30N.  84W. 

Tallinn  (tal'lln)  59N.  25E. 


Stanleyville  (st&n'll-vll)  0.  25E. 

Stanovoi,  mts.  (sta'nb-voi')  60N.  135E. 
♦Staten,  i.  (stSt'gn)  55S.  64W. 

Stavanger  (st&'vang-er)  59N.  6E. 

♦Stefanie,  1.  (stgf'a-ne')  5N.  37E. 

Stettin  (shtg-ten')  53N.  15E. 

♦Stefansson  Inlet  (sta'fans-s6n)  69S.  63W. 
Stewart,  i.  (stu'ert)  47S.  168E. 

Stockholm  (stSk'h51m)  59N.  18E. 
Strasbourg  (straz'boor')  49N.  8E. 

Stuttgart  (stut'gart)  49N.  9E. 

Suakin  (swa'kgn)  19N.  37E. 

Sucre  (sob'krA)  19S.  65W. 

Sudan  (sob-dSn')  11N.  10E. 

♦Sudetes,  mts.  (sob-de'tez)  51N.  17E. 

Suez  (soo-Sz')  30N.  33E. 

*Suhm  Deep  41N.  55W. 

♦Sulaiman,  mts.  (sbb-la'6-man')  30N.  70E. 
Sulu  Sea  (sob'lob)  8N.  120E. 

Sumatra,  i.  (soo-ma'trd)  IS.  102E. 

Sumba,  i.  (soom'ba)  10S.  120E. 

Sumbawa,  i.  (sbom-ba'wa)  8S.  118E. 

Sunda,  i.  (sun'da)  10S.  115E. 

Sunda,  str.  6S.  104E. 

♦Sunda  Islands  Deep  10S.  110E. 

♦Sungari,  r.  (sobn'ga-re')  47N.  132E. 
Superior,  1.  (su-per'I-er)  47N.  88W. 
♦Superior  Upland  46N.  90W. 

Surakarta  (soo'ra-kar'ta)  8S.  11E. 

Surat  (soo'rut)  21N.  73E. 

Suva  (sob'va)  18S.  178E. 

Svalbard,  is.  (sval'bar)  78N.  17E. 
Sverdlovsk  (svSrd-lofsk')  57N.  60E. 
Swakopmund  (swa'kop-moond')  23S.  15E. 
Swazi  Land  (swa'zg-l&nd)  27S.  3 IE. 
Sweden  (swe'dSn)  61N.  15E. 

Switzerland  (swlt'zer-ldnd)  47N.  8E. 
Sydney  (SId'nl)  46N.  60W. 

Sydney  34S.  151E. 

Sydproven  (sld'pro-vgn)  61N.  46W. 

Syr,  r.  (s£r)  43N.  66E. 

Syria  (slr'I-d)  35N.  37E. 

Szeged  (sg'ggd)  46N.  20E. 


Taltal  (tal-tal')  25S.  71W. 

Tamatave  (ta'ma-tav')  18S.  49E. 

Tambof  (tam-bof')  53N.  41E. 

Tammerfors  (tam'er-fors')  61N.  24E. 
Tampa  (t&m'pd)  28N.  82W. 

Tampico  (tam-pe'ko)  22  N.  98 W. 
Tananarive  (ta'na'na'rev')  19S.  48E. 
Tanga  (tang'ga)  5S.  39E. 

Tanganyika  (tSn'giin-ye'ka)  6S.  35E. 
Tanganyika,  1.  6S.  30E. 

Tangier  (tgn-jer')  36N.  6W. 

♦Tannu,  mts.  52N.  95E. 

Tannu-Tuva  (tan'noo  tob-va')  53N.  96E. 
Tanta  (tan'ta)  31N.  31E. 

Tapajos,  r.  (ta'pd-zhos')  6S.  57W. 
♦Taranto,  g.  (ta'rkn-to)  40N.  17E. 

Tarija  (ta-re'ha)  22S.  64 W. 
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•Tarim,  r.  (ta-rem')  41N.  83E. 

Tarso,  mts.  (tar'so)  20N.  18E. 

Tartary,  str.  (tar'td-ri)  48N.  141E. 
Tashkent  (tash'kgnt')  42N.  69E. 

•Tasili  of  Ajer  26N.  8E. 

Tasmania,  i.  (tS.z-ma'ni-d)  42S.  146E. 
•Taurus,  mts.  (to'rds)  38N.  35E. 

Taz,  g.  (taz)  69N.  76E. 

Teffe  (t8f-a')  3S.  65W. 

Tegucigalpa  (t&-god's6-gal'pa)  14N.  87 \V. 
Teheran  (tg-h’ran')  36N.  51E. 

Tehuantepec  (td-wan'td-p6k')  16N.  95W. 
Tehuantepec,  g.  16N.  95W. 

*Tehuantepec,  isth.  17N.  94W. 

Tell  Atlas,  mts.  (tSl  St'lds)  35N.  IE. 
Temisoara  (te'mlsh-wa'ra)  46N.  21E. 
Temuco  (ti-mob'ko)  39S.  73W. 

Tennessee  (tgn'£-se')  36S.  85W. 

Texas  (tgk'sds)  32N.  100W. 

Thar  Desert  (th&r)  28N.  73E. 

Theodoro,  r.  (ta-6-do'ro)  7S.  61W. 
Therezina  (ta'rg-ze'nd)  5S.  43W. 
Thessalonica  (thgs'd-16-nye'kye)  40N.  23E. 
•Three  Points,  c.  5N.  3W. 

Thursday,  i.  (thurz'dl)  11S.  142E. 

•Tibesti  Mts.  (tI-b8s'tS)  20N.  16E. 

Tibet  (tl-bSt')  33N.  90E. 

Tibet,  pi.  3 IN.  90E. 

Tien  Shan,  mts.  (tyfin'shiin')  42N.  75E. 
Tientsin  (tfn'taln')  39N.  117E. 

Tierra  del  Fuego,  i.  (tyfir'ra  dgl  fwa'go)  54S. 
66  W. 

Tiflis  (ty$-fly6s')  42N.  45E. 

Tigris,  r.  (tl'grls)  35N.  43W. 

•Timan,  mts.  66N.  50E. 

Timbuktu  (tlm-b&k'too)  17N.  3W. 

Timor,  i.  (t6-mor')  8S.  125E. 

Timor  Sea  12S.  125E. 

Tintellust  (tgn'tgl'ldost')  19N.  9E. 
•Tintumma  Steppe  16N.  13E. 

Tirana  (t6-ra'nii)  4 IN.  20E. 

Titicaca,  1.  (te'te-ka'ka)  16S.  69W. 

Tiumen  (tyoo-mgn'y  )  57N.  65E. 

•Tobol,  r.  (tiS-bol'y’)  57N.  68E. 

Tobolsk  (t6-bolsk')  60N.  68E. 

Tocantins,  r.  (to'kan-tens')  4S.  49W. 
Tocopilla  (to'k6-pSl'y&)  22S.  70W. 

Tokelau,  is.  (to'kg-la'd&)  9S.  173W. 

Tokyo  (to'kyo)  36N.  139E. 

*Tolima,  mts.  (t6-lc'mii)  5N.  76W. 
•Toll-poz-iz,  mt.  64N.  59E. 

Tomsk  (tomsk)  57N.  85E. 

Tonga,  is.  (tfing'gd)  20S.  175W. 

•Tonga  Deep  19S.  172W. 


Ubangi,  r.  (oo-bftng'g6)  3N.  19E. 

Ubangi  Shari  (oo-biing'g6  shil'rg)  7N.  21E. 
Ucayali,  r.  (oo'kii-yit'16)  8S.  74W. 

Uele,  r.  (w&'R)  3N.  26\V. 

Ufa  (oo'fa)  55N.  66E. 

•Ufa,  r.  (oo'fa)  65N.  56E. 


Tonkin,  g.  (tiSn'kln')  20S.  107E. 

*Tonle  Sap,  pi.  (ton 'la  sap')  13N.  104E. 
Topeka  (to-pe'kd)  39N.  96W. 

Torino  (t6-re'n6)  45N.  8E. 

Tornea  (tor'nf-o)  66N.  24E. 

Tornea,  r.  68N.  20E. 

•Torrens,  1.  (tSr'gnz)  31S.  138E. 

Toronto  (t6-r8n'to)  44 N.  79 W. 

Torres,  str.  (tbr'gz)  10S.  142E. 

Toulon  (too'loN')  43N.  6E. 

Toulouse  (tod'looz')  44N.  IE. 

Townsville  (tounz'vfl)  19S.  147E. 

Trabzon  (trSb-zon')  41N.  40E. 
•Transcaspian  Desert,  (trans-kas'pt-dn) 
40N.  60E. 

Transcaucasia  (trans'ko-ka'shl-d)  42N.  45E. 
Trans  Jordan  (tr&ns-jdr'ddsn)  32N.  38E. 
•Transylvanian  Alps,  mts.  (tr&n'sll-va'nl-dn) 
45N.  23E. 

Transvaal  ftr&ns-val')  25S.  30E. 
Trichinopoli  (trlch'l-nop'6-ll)  11N.  79E. 
Trieste  (trd-8s'td)  46N.  14E. 

Trinidad,  i.  (trlnT-d&d)  ION.  61W. 
Trinidad,  i.  21S.  30W. 

Tripoli  (trlp'6-ll)  33N.  13E. 

Tristan  da  Cunha,  is.  (trls-tiin'  da  koon'ya) 
38S.  12  W. 

•Trondheim  Fiord  (TriSn'hftm)  64N.  10E. 
Trucial  Oman  (troo'shdl  6-man')  24N.  54E. 
Trujillo  (trob-hel'yo)  8S.  79W. 

•Tsana,  1.  (tsii'na)  12N.  37E. 

Tsinan  (je'niin')  37N.  117E. 

Tsingtao  (chlng'dou')  36N.  120E. 

Tsitsihar  (tse'tse'har')  47N.  124E. 
•Tsugaru,  str.  (tsoo'ga-rdo)  41N.  141E. 
Tuamotu,  arch,  (too'a-mo'tob)  15S.  140W. 
Tubuai,  is.  (too'b66-a'6)  23S.  150W. 

Tucson  (too-s6n')  32N.  111W. 

Tucuman  (tdo'kob-miin')  27S.  65W. 

Tula  (too'la)  64N.  38E. 

Tulsa  (tfil'sd)  36N.  96W. 

Tummo  (tfl'mo)  23N.  14E. 

•Tungting,  1.  (tdong'tlng')  29N,  113E. 
•Tunguska,  Stony,  r.  (toon-goos'ka)  60N. 
103E. 

Tunis  (tfl'nls)  37N.  10E. 

Tunisia  (tH-nlsh'l-d)  34  N.  9E. 

Turkestan,  U.S.S.R.  (ttir'k8-stfi,n')  43N. 
68E. 

Turkey  (tflr'kl)  39N.  35E. 

Turkmenistan  (tArk'mSn-I-st&n')  39N.  59E. 
•Tuscarora  Deep.  43N.  150E. 

Tyrrhenian  Sea  (tl-rO'nl-dn)  40N.  12E. 


Uganda  (oo-giin'dft)  3N.  33E. 

Ujiji  (oo-jC'jfi)  5S.  30E. 

Ukraine  (u'kran)  49N.  34E. 
Ulianovsk  (dbl'yd-nofsk')  54N.  48E. 
•Ungava,  b.  (ttng-ga'vd)  CON.  68\V. 
Unio«i  of  South  Africa  30S.  25E. 
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Upernivik  (oo'per-ne-vek')  73N.  56W. 
Upper  Volta  (vol'ta')  12N.  1W 
Ural,  r.  (u'rrfl)  51 N.  53E. 

Ural,  mts.  60N.  60E. 

Urga  (oor'ga)  48N.  107E. 

“Urmia,  1.  (oor'mfe-a)  38N.  46E. 
Uruguay,  r.  (oo'rod-gwl')  29S,  57W. 


Vaal,  r.  (val)  27S.  26W. 

*Valdai  Hills  (val-dl')  57N.  32E. 

Valdes,  pen.  (val-dSs')  43S.  64W. 

Valdivia  (val-de'vyii)  40S.  73W. 

Valencia,  Spain  (va-18n'sl-a)  39N.  0. 
Valencia,  Venezuela  ION.  68W. 

Valparaiso  (val'pa-ra-e'so)  33S.  72W. 

Van,  1.  (van)  38N.  47E. 

Vancouver,  i.  (van-kob'ver)  50N.  126W. 
Vancouver  49N.  123W. 

Varanger  Fjord  (va-rang'er)  70N.  31W. 
Varna  (var'na)  43N.  28E. 

Venezia  (vit-nSt'sya)  45N.  12E. 

Venezuela  (va'nd-swa'la)  13S.  67W. 
Venezuela,  g.  12N.  71W. 

Veracruz  (va'ra-kroos')  19N.  96 W. 

Verde,  c.  (vurd)  15N.  18W. 

Verkhoyansk  (vyer'ko-yansk')  68N.  134E. 
“Verkhoyansk,  mts.  65N.  130E. 

Vermont  (ver-mont')  44N.  73W. 
“Vesuvius,  mt.  (v8-su'vl-ws)  41N.  14E. 
Viatka  (vyat'ka)  59N.  50E. 

“Viatka,  r.  59N.  50E. 

Victoria  (vik-to'rl-d)  20S.  40W. 


Wadi  Haifa  (wa'dl  hal'fd)  22N.  31E. 

Wad  Draa,  r.  (wad'drii')  29N.  7W. 
Wagadugu  (wa'ga-doo'goo)  12N.  2W. 
“Wake,  i.  (wak)  20N.  167E. 

Walata  (wa-la'ta)  19N.  6W. 

Wales  (walz)  53N.  4 W. 

Walvis  Bay  (wol'vls)  23S.  14E. 

Wargla  (war'gla)  32N.  5E. 

Warsaw  (wor'so)  52 N.  21E. 

Warszawa  (Warsaw  )var-sha'va)  52N.  21E. 
“Wasatch  Range  (wo's&ch)  39N, 

112W. 

Washington,  D.C.  (w8sh'lng-titn)  39N, 
77  W. 

Washington  48N.  120W. 

“Webi  Shebeli,  r.  5N.  44E. 

Weddell  Sea  (wgd'l)  7 IS.  45W. 

Weihaiwei  (wa'hl'wa')  38N.  122E. 
Wellington  (wSl'Ing-titn)  4 IS.  175E. 
“Wellington,  i.  49S.  75W. 

Wenchow  (wun'jo')  28N.  121E. 

“Wenner,  1.  (vg'ner)  59N.  13E. 

West,  c.  46S.  166E. 

Western  Australia  22S.  120E. 

West  Indies,  is.  (In'diz)  21N.  69W. 

West  Spitzbergen  (splts'bur'g&i)  77N.  25E. 


Uruguay,  33S.  56W. 

Ushuaia  (oo'shoo-I'a)  55S.  68 W. 
“Ussuri,  r.  (oo-soo're)  47N.  135E. 

“Ust  Urt,  pi.  (oost'y-oort')  44N.  56E. 
Utah  (u'to)  39N.  112W. 

Uzbekistan  (ooz'bgk-I-stan')  40N.  68E 


Victoria  48N.  123W. 

Victoria  37S.  145E. 

Victoria,  i.  71N.  112W. 

Victoria,  1.  2S.  35E. 

“Victoria  Falls  18S.  25E. 

Viedma  (vyad'ma)  41S.  63W, 

“Viliui,  r.  (vfe-lvoo'y’)  63N.  115E. 

Villa  Bella  (ve'Va-ba'va)  US.  65W. 

Villa  Cisneros  (veFya  sSs-na'ros)  24N.  16W. 
Villa  Rica  (ve'ya-rg'ka)  25S.  56W. 

Vilna,  (vSl'na)  55N.  25E. 

“Vindhya  Hills  (vlnd'ya)  23N.  76E. 

Virgin,  is.  (vur'jln)  18N.  65W. 

Virginia  (ver-jln'i-a)  38N.  78W. 

“Vistula,  r.  (vls'tu-ld)  54N.  19E. 

Vitebsk  (ve'tygpsk)  55N.  30E. 

Vitim,  r.  (ve'tyem)  58N.  114E. 

“Vitim,  pi.  55N.  115E. 

Vladikavkaz  (vla'di-kaf-kas')  43N.  45E. 
Vladivostok  (vla'dI-v5s-tok')  43N.  132E. 
Volga,  r.  (v51'ga)  48N.  46E. 

“Volta,  r.  (vol'ta)  6N.  IE. 

“Vosges  mts.  (vozh)  48N.  7E. 


West  Virginia  (ver-jln'f-d)  38N.  81 W. 
“Wheeler  Peak  (hwel'er)  39N.  114W. 

White  Nile,  r.  ION.  32E. 

White  Russia  53 N.  29E. 

White  Sea  67N.  40E. 

“White  Volta,  r.  (vSl'ta)  9N,  1W. 

Whitney,  mt.  (hwit'nl)  37N.  118W. 
Wichita  (wlch'I-to)  38N.  97 W. 

Wien  (ven)  48N.  16E. 

“Wilhelmina,  mt.  (vll'hgl-me'na)  4S.  139E. 
Wilkes  Land  (wilks)  68S.  120E. 

Wilmington  (wil'mTng-titn)  40N.  76W. 
“Wilson  Promontory  (wfl's&n)  40S.  146E. 
Windhoek  (vlnt'hdok')  23S.  17E. 
Windward  Passage,  str.  (wind'werd)  20N. 
75  W. 

Winnipeg  (win'i-pgg)  50N.  97W. 

Winnipeg,  1.  53 N.  97 W. 

Winston-Salem  (win 'stun  sa'lcm)  36  N 
80  W. 

Wisconsin  (wis-kon'sin)  45N.  90W. 
Wrangell,  i.  (r&ng'g8l)  56N.  132W. 

Wrath,  c.  (rath)  59N.  5W. 

Wuchang  (woo'chang')  31N.  114E. 
W’yoming  (wi-o'mlng)  43N.  108W. 
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x 


Xingu,  r.  (shlng-goo';  6S.  53W. 


Yablonoi,  mts.  (ya'bl6-no'')  54N.  115E. 
Yakutsk  (ya-kdotsk')  62N.  130E. 
Yangtze,  r.  (yang'tsg')  31N.  108E. 

Yap,  i.  (yap)  ION.  138E. 

Yapura,  r.  (ya'poo-ra')  2S.  68 W. 
Yarkand  (yar'kand')  38N.  77E. 
Yaroslavl  (ya'rS-sla'v’l)  58N.  40E. 
Yellow  Sea  35N.  123E. 

Yellowstone  (ygl'6-ston')  45N.  110W. 
‘Yellowstone,  r.  67N.  108W. 

Yemen  (ySm'<5n)  16N.  45E. 

Yenisei,  r.  (y8'n$-s8'$)  62N.  89E. 
•Yenisei,  %.  72N.  82E. 


•Zagros,  mts.  (za'gros)  34N.  46E. 
•Zaisan,  1.  (zl'san)  48N.  85E. 
Zambezi,  r.  (z&m-be'zl)  16S.  32E. 
Zanzibar  (z&n'zl-b&r')  6S.  395. 
Zara  (zii'ra)  40N.  38E. 


Y 

Yeniseisk  (yg'nS-sa'Isk)  59N.  94E. 
Yokohama  (yo'k6-ha'ma)  35N.  140E. 
Yola  (yd'la)  9N.  13E. 

York,  c.  (york)  US.  143E. 

York,  c.  76 N.  67 W. 

Yucatan,  pen.  (yoo'ka'tan')  2 IN.  88W. 
Yucatan,  str.  22  N.  82 W. 

Yugoslavia  (yoo'gfi-sla'vl-d)  44N.  19E, 
Yukon  (yoo'kon)  64 N.  135 W. 

•Yukon,  pi.  65N.  150W. 

Yukon,  r.  65N.  153W. 

Yunnan  (yoon'n&n')  25N.  103E. 

z 

Zaria  (za'rg-ii)  11N.  8E. 

Zinder  (zln'der)  14 N.  9E. 

Zomba  (zSm'bd)  15S.  35E. 

Zucgeru  (zun-ga'roo)  ION.  6E. 


* 


